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1.0 SYSTEM ANALYSIS AMI TRADE-OFF STUDIES 

1.1 INTRODUCTION 

This  appendix contains  a d e t a i l e d  r e p o r t  of system a n a l y s i s  s t u d i e s  of 
The o b j e c t i v e  of t h e  system a n a l y s i s  is two- t h e  GbC Space S t a t i o n  system. 

f o l d  : 

(1) 

(2) 

To determine t h e  computer requirements 

To perform a performance e r r o r  a n a l y s i s  of t h e  GCC system 

In addi t ion  t h i s  appendix contains  t h e  r e s u l t s  of trade-off s t u d i e s  conducted 
t o  determine t h e  d i s t r i b u t i o n  and h ie rarchy  of computations i n  t h e  GbC system. 

Sect ion 2.0 contains  t h e  system a n a l y s i s  t o  d e f i n e  t h e  computer require-  

The d e t a i l e d  d e r i v a t i o n  
ments and t h e  t rade-of fs  on t h e  d i s t r i b u t i o n  and hierarchy of computations. 
Sect ion 3.0 conta ins  t h e  performance e r r o r  ana lys i s .  
of t h e  equat ions t h a t  l e d  t o  t h e  computer requirements of Sect ion 2.0 are 
contained i n  t h e  S i x t h  Monthly Progress Report. 
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a E-OFF STUDIES 

ecttwes w e r e  t o  e s t a b l i s h  t h e  computational requirements of t h e  G&C 
t o  mission phases and t o  i d e n t i f y  t h e  var ious  computational 

t a i l  f o r  the Strapdown Inertial Unit (SIRU), t h e  Opt ica l  
AS), the  Control Moment Gyros (CMGs), and the Reaction 
1 toge ther  with gross  estimates f o r  t h e  Rendezvous subsystem, 

d the Balance Control subsystem. 

The c i o n a l  a l loca t ion  t rade-of fs  conducted included only those f o r  
subsystems a t ed  f o r  the d e t a i l  ana lys i s ,  namely, t he  SIRU, OAS, CMGs, 
and RCS. 

2"1 SYSTF;M ANALYSIS 

In v i e w  of having l i t t l e  or no requiremeuts f o r  t he  prelaunch checkout phase 
oost phase of t h e  mission, most of t h e  e f f o r t  was  concentrated 

o r b i t a l  phase of t h e  mission. The unmanned o r b i t a l  phase of t he  
nnission was considered a subse t  of t h e  requirements f o r  t h e  manned phase, and 
the re fo re  was estimated as being an i n t e g r a l  p a r t  of t h e  Executive program only. 

perfonning t h e  systems ana lys i s  f o r  t h e  manned o r b i t a l  phase, two 
re se lec ted .  In t h e  f i r s t  case, a l l  computational requirements were 

This case is defined designated as being performed i~ t h e  c e n t r a l  computer. 
as having m i n i m u m  preprocessors. 
t h e  subsystem level and t h a t  a l l  of t he  computations assoc ia ted  with t h e  subsystem 
of interest could be per fo  d within its processor. This case is defined as 
maximum preprocessing. Th atter case, however, is only appl icable  t o  t h e  four  
subsystems subjec ted  t o  the  d e t a i l e d  analysis.  

The second case assumes processors located a t  

The r e s u l t s  of t he  ana lys i s  is given in Table 2-1 and corresponds with t h e  

respec t  t o  eva lua t ing  t h e  four  subsystems s tudied  in d e t a i l ,  two sets of 
The set designated by t h e  let ter "a" includes 

11 of the subsystems and furthermore, includes the  various 
s necessary f o r  program con t ro l  of t h e  c e n t r a l  computer. 

a ted  by t h e  let ter "b" i n d i c a t e  only t h a t  p a r t  
r subsystems f o r  which m a x i m u m  preprocessing 

r e ~ ~ i r e ~ ~ t s  for t h e  GbC c e n t r a l  computer only. For purpose of s e n s i t i v i t y  

es are g?iven in t h e  t a b l e -  

is, set "be' represents  only t h e  SIRU, OAS, ~ G s ,  and RCS. 

ab le  2-1, the  most s%gni f i can t  change between maximum and 

t o  have four  computers operating in  p a r a l l e l ,  t he  memory 
speed requirement and d a t a  rates, However, i f  t h e  c e n t r a l  

max imum and minimum 
f o r  t h e  f a c t  t ha t  
at  t h i s  t i m e ,  a c e r t a i n  

e t o t a l  system analysis.  
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Table 2-1. Computational Requirements Comparison Table f o r  
Cent ra l  Computer Complex 

Cent ra l  Computer 
Computational Requirements 

Memory Storage (words) 

a. 
b. 

*Speed (operat ions/sec)  - 
a. 
b. 

Data Rates (words/sec) 

a. 
b. 

**Maximum Word S i z e  

a. 
b. 

Preprocessing Configurations 

Minimum 

38,600 
17,400 

994,000 
805,000 

21,300 
20 800 

24 
24 

Maximum 

28,300 
7 100 

410,000 
264,000 

4 600 
4,300 

24 
24 

Recommended 

29,600 
8 400 

500,000 
350,000 

5,500 
5,000 

24 
24 

*Number given implies  s h o r t  opera t ions  (add, s u b t r a c t ,  etc. ) 
with long Operations (Plult, D i v .  e t c . )  equivalent  t o  2 shor t  
operat  i o n s  

**Nominal word s i z e  equals  16 bi ts /word 

NOTE: The letter “arr implies  t o t a l  G&C computational require-  
ments f o r  the  f u l l  subsystem configurat ion.  The l e t te r  

with only t h e  SIRU, OAS, CMGs, and RCS i n  which pre- 
processing was explored. 

11 b I 1  implies  t h e  G&C computational requirements dea l ing  

The recommended configurat ion assumes t h e  SERU, CMGs, and RCS t o  have 
dedicated l o c a l  processors .  
o rder  of t h e  t h r e e  o t h e r  systems, r e q u i r e s  such an i n s i g n i f i c a n t  duty cyc le  
(operat ions/sec)  t h a t  use of preprocessing i s  n o t  j u s t i f f e d  a t  t h i s  p o i n t  i n  
t h e  ana lys i s .  If t h e  requirement f o r  using t h e  d a t a  der ived from t h e  OAS w e r e  
s i g n i f i c a n t l y  increased o r  from a commonality t rade-of f ,  then t h e  use  of l o c a l  
processing may be reasonable.  

The OAS, while requi r ing  a memory capaci ty  on t h e  

The amount of preprocessing recommended f o r  four  subsystems analyzed is  
discussed i n  the following paragraph. 
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2 - 2  E 4 F P  STUDIES 

Trade-off s t u d i e s  w e r e  conducted f o r  t h e  four  subsystems mentioned t o  
determine t h e  best a l l o c a t i o n  f o r  performing t h e  var ious  computations required 

system t o  car ry  out  the mission requirements. To accommodate t h i s ,  
t i o n a l  requirements involved with each of the  subsystems were divided 

i n t o  separa te  program modules which would be sequent ia l ly  executed i n  t i m e .  
Each program module and sequent ia l ly  executed combinations of modules w e r e  
evaluated as being processed at  the  subsystem level with t h e  remaining modules 
being executed i n  t h e  c e n t r a l  computer. 

The program modules designated f o r  trade-off f o r  t h e  four subsystems are 
defined as follows: 

SXRU 

1-1. 

1-2 0 

1-3 e 

1-4 s 

1-5. 

OAS 

P-1. 

P-2 e 
P-3 e 

P-4. 

P-5 

P-6 

- 

S - 
I. 
I1 0 

111. 

IV . 
v. 
VI. 

F i l t e r  Instrument Outputs (gyros and accelerometers) 

F a i l u r e  Detection and Transformation t o  Body Coordinates 
(gyros and accelerometers) 

Direct ion Cosine Matrix Update 

Direct ion Cosine Orthogonalization 

Generation of At t i tude  Error  Signals 

Fa i lure  Detection 

Compute Horizon Sensor Scanning Angles 

Process Measured Data 

Compute Horizon Sensor Pointing Angles and Rates 

Compute Star Tracker Pointing Angles and Rates 

Make Star Select lon 

Torque Error  Computation 

omentum Error Computation 

Desaturation 

F a i l u r e ,  Detectim and I s o l a t i o n  

Reconfiguration 
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I. Control Mode Detection 

11. TorqueIForce Computation 

111. Engine Value Control 

I V  . F a i l u r e  Detection 

V. F a i l u r e  I s o l a t i o n  

V I ,  Reconfiguration 

The computational requirements with respec t  t o  t h e  program modules l i s t e d  

A design allowance of 40 
a r e  presented i n  Table 2-2. The memory s torage  symbols ROM and RWM i n d i c a t e  
read-only memory and read-write memory respec t ive ly .  
percent  f o r  memory and 30 percent  f o r  speed i s  provided i n  t h e  t a b l e  f o r  purpose 
of o v e r a l l  s i z i n g .  The memory allowance, however, i s  considered low i n  t h a t  
t h e  estimates were obtained d i r e c t l y  from t h e  mechanized equat ions with no “pad. ‘I 
Addit ional ly ,  an execut ive,  d i a g n o s t i c s ,  1/0 s t o r a g e  and cont ro l  and u t i l i t y  
package were n o t  included i n  t h e  estimate f o r  t h e  mechanization. Poss ib ly  a 
f i f t y  t o  s i x t y  percent  allowance would be more reasonable.  

The recommended computational a l l o c a t i o n  configurat ion is given i n  Table 
2-3. 
d a t a  s i g n a l s  t r a n s f e r r e d  between t h e  subsystems and the c e n t r a l  computer and 
t h e  maximum expected word length.  The number of d a t a  s i g n a l s  ind ica ted ,  
e s p e c i a l l y  i n  t h e  case of t h e  RCS, include f a i l u r e  and reconf igura t ion  f l a g s  
( d i s c r e t e s )  f o r  on-board recording as required.  
t a b l e  would assume a l l  of t h e  modules a s  being computed a t  t h e  subsystem level, 
t h i s  is not  t h e  case, however. The recommended a l l o c a t i o n  conf igura t ion  does 
not  include 1-5 i n  t h e  case of t h e  SIRU, none of t h e  OAS modules, and modules 
I and I1 of t h e  CMGs and RCS a s  being performed i n  t h e  l o c a l  processor.  
Furthermore, t h e  recommended system assumes t h a t  a l o c a l  processor  i s  assoc ia ted  
(phys ica l ly  loca ted)  with each engine s t a t i o n  which i n  t h i s  case reduces t h e  
load at  each s t a t i o n .  However, t h e  e f f e c t  on t h e  c e n t r a l  computer i s  an i n c r e a s e  
over having t h e  s i n g l e  l o c a l  processor  configurat ion complex. 

Included i n  t h i s  t a b l e  along with memory and speed are t h e  number of 

The s u b t o t a l s  given i n  t h e  

I n  viewing t h e  estimated requirements imposed on t h e  l o c a l  processors  t h e  
appl ica t ion  of t h e  s tandard processor  submitted by MSC, NASA is not  appl icable  
f o r  use  with t h e  SIRU o r  t h e  CMGs. I f  t h e  update r a t e s  were t o  be relaxed f o r  
t h e  SIRU by a f a c t o r  of a t  least 5,  t h e  s tandard MASA processor  could be based 
on these  estimates. In  the  case of the  CMGs, i t  appears t h a t  t h e  RWM would be 
very marginal and t h e r e f o r e  not  recommended f o r  use with t h e  CMGs. 
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Table 2-2 a Subsystem Program Module Requirements 

Speed 
(ops/sec> 

Memory Storage Subsystems and Program 
Modules R6M 

(words 
ROM 

(words) 

SIRU : 

I- 1 
1-2 
1-3 
1-4 
1-5 

- 

Subtotal  

Design Allowance 

400 

100 
2 00 
400 

1, 100 
50 

150 
10 
20 
20 

26,500 
184,000 
62,000 

Background 
84,000 

356 500 2,200 2 50 

i i o  , ooo 800 10.0 

T o t a l  3,000 350 466 , 500 

OAS : 

P-1 
P-2 
P-3 
P-4 
P-5 
P-6 

Subt o t a1 

Design Allowance 

Tota l  

50 
150 
250 
600 
200 
300 

10 
20 

100 
60 
20 
20 

Background 
Background 
Background 
Background 
Background 
Background 

-- 
-- 

1,550 230 

70 650 
2,200 300 

CMGs : 
I 

I1 
111 
IV 
v 
VI 

10 
150 
200 
250 
800 
700 

2 00 
1,600 

15 400 
15,000 
18,000 

(See Note 6 

-- 
30 
50 
50 

200 
100 

Subtotal  2,110 48,200 430 

170 

600 

15 , 000 

63 200 

990 
3 110 

Design Allowance 

Total  
- 
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Table 2-2, (continued) 

Subsystems and Program 
Modules 

RCS : - 
I 
I1 
I11 
IV 
v 
VI 

Speed Memory Storage 

ROM 
(words) 

20 
2 50 
150 
500 

1,700 
1,200 

Subt o t  a1 I 3,820 

Design Allowance 1,520 

T o t a l  5,340 

RWO (opi/sec) 
(words) 

-- 1,000 
50 15 200 
50 30,000 
100 89 000 

2 00 (See Note 6) 

7 60 150,200 

360 1a ,200 

220 I 45,000 

980 195,000 

NOTES: 1. 1-5 n o t  included in recommended configurat ion.  

OAS n o t  included i n  recommended configurat ion.  

Design Allowance i s  considered minimum. 

Operations/second assumes long ops = 2 s h o r t  ops. 

Background implies  duty cyc le  of less than 1 sec 
and i n  t h i s  case r e q u i r e s  less than 500 ops/sec/  
module. 

6. Reconfiguration is n o t  considered as p a r t  of 
normal duty cycle.  

7. The estimate f o r  t h e  RCS i s  given here  as i f  a 
s i n g l e  l o c a l  processor  complex would service a l l  
four  engine s t a t i o n s .  

8. Modules I and I1 f o r  both CMGs and RCS are n o t  
included i n  t h e  recommended configuration. 

2. 

3. 

4. 

5. 
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a9 Allocation Configuration 

QAS : - 

8 :  - 
PPI 9 d V I  

:* 
11% 9 d V I  

0r-y Storage 

2 ,520 

-- 

2,950 

2 ,100 

330 

-- 

570 

930 

450 

Speed 
(o,s/sec) 

382 9 500 

-- 

61 400 

179 000 

72,000 

20 

16 

77 

2 42 

152 

Maximum Word 
Length 

24 b i t s  

16 

16 

16 

16 

*Rec ~ i ~ r a t i ~  (processor located at each station) 

y changing many of the require- 

er ~ ~ a a e Q f f  evaluation, refer to  Section 2.9 of this report. 

0 3. 

een based up 

t s  obtahed fr 
s received from 
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The cont rac t  s tudy concerns t h e  G&C system f o r  t h e  Space S t a t i o n  with 
emphasis on t h e  reconfigurable  d i g i t a l  computer, However, a NASA technical 
reques t  t o  consider  o r  include L o g i s t i c s  Vehicle G&C system requirements re- 
s u l t e d  i n  its genera l  inclusion.  
rate processing w a s  increased a s  w e l l  as some s i g n a l s  being processed addi- 
t i o n a l l y .  
requirements i s  t o  a r r i v e  a t  a commonality s o l u t i o n  i n  equipment and computer 
rout ines .  

As a consequence, c e r t a i n  subsystem d a t a  

The p r i n c i p a l  considered objec t ive  i n  including L o g i s t i c s  Vehicle 

The G&C system, as def ined by t h e  Work Statement,  includes four  p r i n c i p a l  
subsystems which r e q u i r e  i n v e s t i g a t i o n  i n t o  t h e i r  preprocessing func t ions  and 
t h e i r  respec t ive  input /output  i n t e r f a c e s .  These four  p r i n c i p a l  subsystems are 
def ined as t h e  Strapped-Down I n e r t i a l  Reference Unit (SIRU) ; Opt ica l  A t t i t u d e  
Sensors (OAS); Control Moment Gyros (CMGs); and Reaction Control System (RCS). 
In  a d d i t i o n ,  t h e  G&C computer is t o  rece ive  s i g n a l s  and perform computations 
assoc ia ted  with t h r e e  o ther  subsystems. These t h r e e  subsystems are def ined as 
Rendezvous ( c a l c u l a t i o n s  and commands t o  incoming Logis t ics  o r  o ther  v e h i c l e s )  ; 
Docking ( c a l c u l a t i o n s  and commands); and Balance Control (computations and 
commands f o r  the Space S t a t i o n  during sp in  f o r  i t s  a r t i f i c i a l  "g" mode). An 
e ighth  subsystem, primary propuls ion,  w a s  documented by mutual agreement t o  be 
de le ted  s i n c e  it was determined e a r l y  i n  t h e  s tudy t h a t  t h i s  subsystem would 
not  e x i s t  on t h e  Space S ta t ion .  Ins tead ,  t h e  funct ion of t h i s  subsystem would 
be replaced by t h e  G&C computer determining o r b i t a l  makeup commands from its 
navigat ion computations with t h e  propuls ive t h r u s t  being appl ied by t h e  RCS 
i n  t r a n s l a t i o n .  

Pursuant t o  determining system requirements and computer reconf igura t ion ,  
computations assoc ia ted  with t h e  seven subsystems were determined. I n  a d d i t i o n ,  
requirements f o r  t h e  four  primary subsystems i n  s t a t u s  monitoring, f a u l t  i s o l a -  
t i o n ,  and s i g n a l  i n t e r f a c e  were determined. The t o t a l  computational requirements 
f o r  t h e  f o u r  subsystems were apportioned according t o  t h e  e x t e n t  of subsystem 
preprocessing with t h e  remainder of t h e  computations being assigned t o  t h e  
reconf igurable  d i g i t a l  computer. This apportionment corresponded t o  t radeof  f 
determinat ions i n  computational assignment amount of required equipment i n  t h e  
sense of d i f f e r e n t  e x t e n t s  of required redundancy, input loutput  i n t e r f a c e ,  and 
d a t a  bus requirements. The preprocessor apportionments corresponded t o  maximum 
preprocessing,  minimum preprocessing,  and s e l e c t e d  degrees of in te rmedia te  pre- 
processing. 

Operat ional  requirements f o r  t h e  reconfigurable  d i g i t a l  computer, as 
def ined i n  t h e  Work Statement,  are t h a t  t h e  compuker s h a l l  be F a i l  Operat ional ,  
F a i l  Operat ional ,  F a i l  Safe. This requirement has  been i n t e r p r e t e d  t o  r e q u i r e  
four  G&C computers. Early program communication wi th  NASA, Houston, r e s u l t e d  
i n  t h e  same s t i p u l a t i o n  t o  the d a t a  bus - four  d a t a  buses are t o  be used. 

No p a r t i c u l a r  f a i l u r e  philosophy has  been assigned t o  t h e  t o t a l  G&C system 
f o r  purposes of t h i s  study. The F a i l  Op, F a i l  Op, F a i l  Safe assignment t o  t h e  
d i g i t a l  computer may be i n t e r p r e t e d  t o  i n s u r e  t h a t  t h e  d i g i t a l  computer and its 
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k i n  t h e  GbC system. 
d t o  be P a i l  Op, F a i l  

In 

cr i t ical  func t ions  are considered t o  
ria, to at least Fail Op, F a i l  Op, 
h since appreciable subsystem redundancy 
cx the Log i s t i c s  Vehicle). For example, 
s s ion  t h e ,  t h e  SIRU and OAS i n  t he  

and RCS in t h e  torquer subsystems are mutually 
addi t ion ,  o the r  provisions, not  included i n  t h i s  study, increase  
l aspec ts  of Space S ta t ion  G&C operation. 
u a l  o r i en ta t ion  and con t ro l  as w e l l  as probable manual navigation. 

primary subsystems, each subsystem indiv idua l ly  

These provisions w i l l  

cy as a min imum.  This d u a l i t y  w i l l  include associated 
e l e c t r o n i c s  as w e l l  as preprocessors. 

of d u a l i t y ,  as a mtn in rum,  011 t h e  subsystems and the require- 
g i t a l  computers i nd ica t e s  a s i g n i f i c a n t  f a c t o r  with regard t o  
h a t i o n s  as t o  whether certain computations are t o  be performed 

reprocessors o r  i n  t h e  d i g i t a l  computer. 

Statement the strapdown concept 
d six l i n e a r  accelerometers i n  a 

ay are t o  be used f o r  inertial reference. 
-rebalance type. 

These instruments 

ruc t ions  were t o  use 
es d i g i t a l  computa- 
r a t i o n a l  aspec ts  are 

lures.  However, t h e  
ro)  redundancy would 
a i l  Safe operation. 

An update rate of 100 times/sec is t o  be used. 

f a i l e d  and i so l a t ed .  

i c h  includes power 
appl ica t ion  of a 

e r a t i o n  f o r  t h i s  

during the period of Space 
e performed), From 

of t h e  SIRU accelerometers 
addi t ion ,  t h e  quiescent 
be reduced t o  at least 10 

s used are appl icable  t o  t h e  
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2 . 3 . 2 . 2  OAS - The OAS includes both star t r a c k e r s  and horizon scanners.  A s  p e r  
Exhibi t  D of t h e  Work Statement, t h e  sensors  are assumed t o  have d u a l  redundancy 
and t h e  sensor  e r r o r  s i g n a l s  w i l l  be a v a i l a b l e  i n  both analog and d i g i t a l  f o m ,  
Each two gimbaled star t r a c k e r  is assumed t o  contain two heads so  t h a t  t h r e e  
axes of a t t i t u d e  information are ava i lab le .  
has two heads t o  obta in  two-axis of a t t i t u d e  information. The i n i t i a l  in te rpre-  
t a t i o n  of t h e  Work Statement,  as w e l l  as p a s t  space appl ica t ion  usage, assumed 
t h a t  t h e  horizon scanner e r r o r  s i g n a l  outputs  corresponded d i r e c t l y  t o  t h e  l o c a l  
ver t ical  angles  (two-axes) However, t h i s  assumption w a s  changed during t h e  
course of the c o n t r a c t ,  as a r e s u l t  of communications with NASA, Houston, t o  
use a horizon scanner concept under development. 
improve n a v i g a t i o n a l  accuracy by d e t e c t i n g  t h e  50 km C02 a l t i t u d e  a t  t h e  horizon. 
As a r e s u l t ,  l o c a l  ver t ical  must be computed. 
required i n  i n t e r p r e t i n g  t h e  sensor  a r r a y  element outputs  on a comparative b a s i s  
t o  determine t h e  50 km al t i tude. ,  Since t h e  OAS processing i n  t h i s  approach uses  
t h e  output  s i g n a l s  f o r  long term navigat ion and long term SIRU d r i f t  c a l i b r a t i o n  
with appropr ia te  f i l t e r ing /smooth ing ,  the  update rate can be q u i t e  low. 
update rate of once/1,000 sec is  used i n  t h i s  approach. 
f a i l u r e  i s o l a t i o n  is required.  

Each two gimbaled horizon scanner 

This development e f f o r t  i s  t o  

Additional computations are 

An 
S t a t u s  monitoring and 

Application - From a subsystems operat ion impact on t h e  t o t a b  automatic 
G&C system opera t ion ,  t h e r e  i s  only an i n c i d e n t a l  d i f f e r e n c e  whether t h e  star 
t r a c k e r  has two heads o r  has  a s i n g l e  head f o r  t i m e  sharing. 
assumed update rate w i l l  permit t i m e  shar ing.  The p r i n c i p a l  d i f f e r e n c e  would 
be i n  t h e  ex ten t  o r  degree of gimbal freedom i n  one a x i s  and t h e  need f o r  
successive a c q u i s i t i o n  of t a r g e t  stars. 
under manual c o n t r o l  
of i n e r t i a l  hold a t t i t u d e  control .  Since i t  is expected t h a t  approximately 
97 percent  of t h e  mission t i m e  (with t h e  exception of t h e  nominal one month 
dura t ion  of a r t i f i c i a l  ttgll) w i l l  be i n  t h e  l o c a l  v e r t i c a l  mode of c o n t r o l ,  a 
conventional horizon scanner  having l o c a l  v e r t i c a l  e r r o r  ou tputs  is l i k e l y  
t o  be prefer red  from a manned opera t iona l  s tandpoint .  Although t h e  use  of a 
sun sensor  i s  n o t  a p a r t  of t h i s  cont rac t  e f f o r t ,  a sun sensor  i s  l i k e l y  t o  be 
used f o r  a t  least coarse  alignment. Application of t h e  OAS f o r  t h e  Space S t a t i o n  
and f o r  t h e  L o g i s t i c s  Vehicle during nonthrust ing exoatmospheric mission i n t e r v a l s  
are genera l ly  equiva len t  

Cer ta in ly  t h e  

From a backup s tandpoint  ?t p a r t i c u l a r l y  
t h e  two-head arrangement would be p r e f e r r e d  f o r  purposes 

2 . 3 . 2 . 3  
t h r e e  double-gimbal CMGs. 
i n  a t t i t u d e  hold and f o r  low rate maneuvers up t o  0.002 deg/sec,  
c o n t r o l  l a w  is assumed. 
Statement. Desaturat ion of t h e  CMGs w i l l  use t h e  RCS. A gu ide l ine  of using 30 
v a r i a b l e s  f o r  s t a t u s  monitoring is given i n  t h e  Work Statement, It is  assumed 
t h a t  t h e  t h r e e  CMGs are configured f o r  zero  n e t  angular momentum a t  gimbal n u l l s  
f o r  purposes of accommodating mission modes of local v e r t i c a l  hold and a r t i f i c i a l  
g4 

CMG - A s  p e r  Exhibit  E of t h e  Work Statement, t h e  CMG system w i l l  use  

The H-vector 
The system is  t o  be used f o r  c y c l i c  c o n t r o l  events  

An update rate of 20 times/sec is  assumed p e r  Work 

11  S I  
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2.3.2.5 Rendezvous - The G&C d i g i t a l  computer is t o  perform backup rendezvous 
computations f o r  the L o g i s t i c s  Vehicle. This funct ion  is r e a d i l y  t r a n s f e r a b l e  
t o  performing rendezvous guidance f o r  o r b i t a l  s h u t t l e s  which p o s i t i o n  detached 
experiment modules. 
S ight )  angles  are assumed a v a i l a b l e  on t h e  d a t a  bus and t h e  rendezvous commands 
are i ssued  t o  the  d a t a  bus f o r  subsequent transmission. 
equipment requirements are requi red  a s  a p a r t  of t h i s  e f f o r t .  
are used i n  s i z i n g  t h e  computer requirements f o r  t h i s  p a r t i c u l a r  subsystem. 
The f i r s t  method used is a r e p r e s e n t a t i v e  set of rendezvous equations considered 
t o  be simple equat ions  gene ra l ly  equiva len t  t o  cross-product s t e e r i n g .  The 
second approach, which i s  used f o r  t h e  es t imat ion  numbers, e n t a i l s  surveying 
the  equations used i n  t h e  Apollo/LEM rendezvous. This approach is much more 
soph i s t i ca t ed  and complex. 
from combining programming estimates from two sepa ra t e  and independent Apollo 
s imula t ions  wi th  a g ross  ex t r apo la t ion  of t h e  Apollo rendezvous equations.  
Because of t h e  n a t u r e  of t h i s  s tudy ,  t h e  e s t ima tes  from t h e  latter approach are 
used f o r  t h e  estimates given here in .  

Sensor s i g n a l s  r e l a t i n g  to range and two LOS (Line-of- 

Thus, no i n t e r f a c i n g  
Two approaches 

The estimated va lues  f o r  t h i s  approach are derived 

Applicat ion - The rendezvous equat ions  are app l i cab le  f o r  computation and 
command by t h e  Space S t a t i o n  or  f o r  t h e  t e rmina l  rendezvous phase on-board 
computations by t h e  L o g i s t i c s  Vehicle. However, t h e  l a t te r  may use a more 
s o p h i s t i c a t e d  set of equat ions  i n  p r a c t i c e ,  

2.3.2.6 
with t h e  i n t e r f a c e  being t h e  d a t a  bus (as  f o r  rendezvous). 
t h e  docking commands c o n s i s t  of s ix  (6) DOF (degree-of-freedom) commands of 
t h r e e  axes t r a n s l a t i o n  and t h r e e  axes a t t i t u d e  cont ro l .  Pas t  docking ope ra t ions  
have been manual and no re ferences  were a v a i l a b l e  f o r  automatic docking. 
Theref o re ,  computations were assumed f o r  a conf igura t ion  wherein t h e  Space 
S t a t i o n  docking senso r ( s )  would measure range and two (2) LOS angles  t o  each of 
t h r e e  (3) r e f l e c t o r s  (or transpondors) loca ted  on t h e  incoming v e h i c l e  
( l o g i s t i c s  v e h i c l e  o r  o r b i t a l  s h u t t l e ) .  
parameters t o  determine the  p o s i t i o n a l  e r r o r  and t h e  t h r e e  axes of a t t i t u d e  
from which t h e  s i x  (6) DOF commands are computed and i ssued  t o  t h e  d a t a  bus. 
The docking senso r ( s )  are assumed o f f s e t  from t h e  docking po r t  i n  a l o n g i t u d i n a l  
d i r e c t  ion. 

Docking - The G&C d i g i t a l  computer i s  t o  perform docking Computations 
It is assumed t h a t  

The computations would use t h e  sensed 

Applicat ion - The computations are gene ra l ly  app l i cab le  f o r  s o l u t i o n  by 
e i t h e r  t h e  Space S t a t i o n  G&C computer o r  t h e  Log i s t i c s  Vehicle G&C computer. 
However, t h e  L o g i s t i c s  Vehicle  would probably employ its short-term iner t ia l  
r e fe rence  with t h e  docking sensors  i n  providing a t t i t u d e  measurements and 
cor rec t ions .  
be requi red  f o r  L o g i s t i c  Vehicle  performance of docking computations. 

IR add i t ion  a sensor-to-docking p o r t  off set would no t  n e c e s s a r i l y  

2.3.2.7 
f o r  balance con t ro l .  This subsystem d e f i n i t i o n  is l imi t ed  t o  t h e  Work Statement: 
"The balance system w i l l  compensate f o r  l a r g e  s h i f t s  of mass on t h e  Space S t a t i o n  

Balance Control - The G&C d i g i t a l  computer is t o  perform computations 
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a t o r  and cargo motion. This 
es. The GhC computations 
de l ivered  t o  t h e  da t a  bus. 
i r e l y  OR assumptions s ince  
inf  ormat ion assumes 

t h a t  t h e  SIRU and the  O M  (no . However, it is assumed t h a t  the  
normal a t t i t u d e  con t ro l  computer rout ines  may be employed in addi t ion t o  second 
order  equat ions t o  account f o r  the add i t iona l  dynamics of spin.  
t h a t  t h e  baf 
although t h e  
Statement i n d i c a t e s  t h e  d e s i r e  t o  cont ro l  t h e  spin axis during a r t i f i c i a l  "g" 
pergods through precession using the  RCS. 
may i n d i c a t e  t h a t  t h e  s t a t i o n  may be allowed t o  precess  due t o  t h e  required 
energy expenditure,  estimates are made t o  provide precession con t ro l  by t h e  
RCS. It is assumed t h a t  t h e  p i t c h  jets are synchronized f o r  f i r i n g  about a 
median angle fi yaw ( 0 O  and 1 8 0 O )  t o  most e f f i c i e n t l y  con t ro l  precession. 

It is assumed 

The Work 
con t ro l  commands may take  t h e  usua l  form of CMG o r  RCS commands; 
gimbals may be locked f o r  passive wobble damping. 

Although subsequent mission ana lys i s  

Although no i n t e r p r e t a t i o n s  were ava i l ab le  from t h e  Work Statement, compu- 

The d a t a  ava i l ab le  f o r  S t a t i c  Balance would 
t a t i o n a l  estimates were m a d e  f o r  S t a t i c  Balance ( the  previous assumptions 
relate to Dynamic Balance). 
genera l ly  be assoc ia ted  with housekeeping assignments. However, t h e  inc lus ion  
of S t a t i c  Balance t o  GhC computer assignments may be based on minimizing Dynamic 
Balance requirements as w e l l  as enhancing zero  "g" operat ion t o  account f o r  
gross  changes h moments-of-inertia and moment arms r e s u l t i n g  from the  absence 
or presence of l a r g e  masses such as the  Log i s t i c s  Vehicle. 

Three campartmentized bodies were assumed f o r  t h e  Space S ta t ion  proper 
with each body being subdivided i n t o  as many as e ighty  (80) volume m a s s  d i s t r i -  

(up t o  246 e n t r i e s )  i n  terms of m a s s  
erall m a s s  center .  The m a s s  cen t ro id  

to six at tached bodies were assumed. With t h e  da t a  

is used as a disp lay  or c 
alance is t o  be s h i f t e d  p 
o e f f e c t  same m a s s  s h i f t s .  

d output under the  assumption t h a t  
t o  sp in  up unless  t h e  "g" fo rces  are 

l y  t o  t h e  Space S ta t ion  fo r  
ance computations 

r e t a t i o n  of four  computers and 
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2.3.3 System Study Approach 

The G&C system approach is  depicted i n  Figure 2-1 i n  t h e  form of a study 
flow diagram f o r  Tasks 3 and 6. 
inputs  f o r  Tasks 7 through 11. 
s idered  as an independent e f f o r t  and i s  reported i n  Sect ion 3 of t h i s  Appendix. 

The output of t h e s e  t a s k s  are shown t o  be 
The e r r o r  a n a l y s i s  por t ion  of Task 3 is con- 

After t h e  subsystem assumptions and ground r u l e s  were obtained (as  discussed 
i n  2.3.1 and 2.3.2),  t h e  mechanization f o r  t h e  G&C system was  determined accord- 
ing t o  i n d i v i d u a l  subsystems and t h e  t o t a l  system. The primary e f f o r t  per ta ined  
t o  t h e  study flow through t h e  computational determinat ions a c t i v i t y .  
a g r o s s  subsystem redundancy level w a s  determined f o r  t h e  four  primary subsystems 
as an a i d  t o  performing Task 9. 

However, 

The computational requirements were determined by mission phases/modes. 
Computational requirements and d a t a  bus requirements were determined f o r  t h e  
t h r e e  subsystems of Rendezvous Docking, and Balance Control. These computa- 
t i o n a l  requirements were assigned t o  t h e  G&C computer f o r  use i n  Tasks 7 and 8 
s i n c e  t h e i r  i n t e r f a c e  r e s p o n s i b i l i t y  w a s  n o t  a p a r t  of t h i s  cont rac t  e f f o r t .  
The computational requirements f o r  t h e  four  primary G&C subsystems (SIRU, OAS, 
CMGs , RCS) as w e l l  as t h e  monitoring, i s o l a t i o n ,  i n t e r f a c e  s i g n a l  processing,  
and t h e  d a t a  bus s i g n a l s  were determined. These determinat ions were tabula ted  
according t o  sof tware modules so t h a t  computational blocks could be r e a d i l y  
assigned t o  a subsystem preprocessor  o r  t o  t h e  G&C computer. Tabulations were 
made t o  enhance Task 6 t rade-of fs  according ‘to maximum preprocessing and t o  
minimum preprocessing wherein a maximum of requi red  computations were assigned 
t o  t h e  G&C computer. 
processing . Data bus s i g n a l  lists were made f o r  each level of pre- 

Task 6 s t u d i e s  cons is ted  of i n i t i a l l y  a l l o c a t i n g  d i f f e r e n t  combinations of 
computational blocks t o  e i t h e r  t h e  G&C computer o r  t o  t h e  subsystem preprocessors.  
The level of a l l o c a t i o n  corresponded t o  subsystem maximum, minimum 
mediate preprecessing * 
t i o n s ,  processing of monitoring and i s o l a t i o n  s i g n a l s  as w e l l  as d a t a  bus 
s i g n a l s  were tabula ted  corresponding t o  t h e  l e v e l  of preprocessing. 
a l l o c a t i o n  of requirements t o  preprocessors  had n e g l i g i b l e  e f f e c t  with regard 
t o  considered redundancy of preprocessorssince t h r e e  of t h e  f o u r  subsystems 
are t o  be loca ted  in a s i n g l e  v e h i c l e  pos i t ion .  However, t h e  approach t o  
preprocessor redundancy f o r  t h e  RCS, i n  which a s i n g l e  loca t ion  f o r  preprocessors  
up t o  a maximum of f o u r  loca t ions  w a s  considered, r e s u l t s  i n  a d i f f e r e n c e  i n  
the  number of monitoring and i s o l a t i o n  signals required.  

and inter- 
Inclucted wi th  t h e  t r a d e  s t u d i e s  i n  computational a l loca-  

The 

The s u i t a b i l i t y  of a s tandard LP (Local Processor) whether NASA developed 
o r  otherwise,  t o  perform t h e  trade-off levels of preprocessing w a s  inves t iga ted .  
The pacing f a c t o r s  were memory s t o r a g e  and o p e r a t i o n a l  speed wi th  word length  
and d a t a  bus a c t i v i t y  as secondary f a c t o r s .  
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- 1  

Data rate requirements f o r  t h e  d a t a  bus were determined as a r e s u l t  of 
t h e  t r a d e  s tudies .  These requirements serve as i n p u t s  t o  Tasks 8 and 9. 

The t r a d e  s t u d i e s  also r e s u l t e d  i n  a l l o c a t i n g  t h e  computations assoc ia ted  
with t h e  four  subsystems t o  t h e  G&C computer, t h e  NASA s tandard LP, o t h e r  
s tandard LPs and/or s p e c i a l  i n t e r f a c e  o r  processing equipment. 
w a s  determined as an input  t o  Tasks 9, 10 and 11. 

This a l l o c a t i o n  

Other G&C system r e l a t e d  ac t iv i t ies  such as power d i s t r i b u t i o n  and man- 
machine or o t h e r  computer i n t e r f a c e  wi th  the G&C computer were n o t  included i n  
Tasks 3 and 6 system s t u d i e s  s i n c e  they are s e p a r a t e  study e n t i t i e s  i n  them- 
se lves .  

2 . 3 . 4  Subsystem Gross Redundancy 

The G&C system may be i n t e r p r e t e d  i n  a gross  redundancy sense  a t  the sub- 
system leve l .  Using t h e  subsystem assumptions and d e f i n i t i o n s  of Sect ion 2 . 3 . 2 ,  
a b a s e l i n e  G&C System Operat ional  Redundancy Flow Diagram i s  shown i n  Figure 2-2 .  
The numerals i n s i d e  each box i n  t h e  f i g u r e  i n d i c a t e  the  level of redundancy 
and t h e  letters M, E ,  and T i n d i c a t e  mechanical, electrical ,  and t ransmission 
(data  bus) redundancy, respec t ive ly .  Electrical  redundancy considers  t h e  lower 
level of preprocessors  o r  o ther  electrical signal processing c i r c u i t r y .  
Mechanical redundancy i s  d i r e c t l y  assoc ia ted  with t h e  subsystem assumptions and 
d e f i n i t i o n s .  Fa i l - safe  is considered t o  correspond t o  t h e  level of redundancy, 
assuming t h a t  power-of f c i r c u i t r y  i n s u r e s  aga ins t  hard f a i l u r e s .  
l e v e l  is  considered t o  be one level less than t h e  redundancy l e v e l .  

The Fail-Op 

As previously discussed t h e  f u l l  c e r t a i n t y  requirement of computer 
f a i l u r e  knowledge i n  conjunction with Fail-Op, Fail-Op Fai l - safe  operat ion 
has  received a ground r u l e  i n t e r p r e t a t i o n  of requi r ing  f o u r  G&C d i g i t a l  computers 
and f o u r  i n t e r f a c i n g  d a t a  buses. However, t h e  f a i l u r e  c r i te r ia  has  n o t  been 
e s t a b l i s h e d  f o r  t h e  subsystems. The absence of th is  cri teria i n d i c a t e s  t h a t  
t h e  d a t a  buses (T) s e r v i c i n g  each subsystem need n o t  be redundant t o  a level 
of four .  
w i r e ,  it would seem t h a t  t h e  t ransmission redundancy t o  each subsystem need 
be no h igher  than t h e  lowest level of redundancy assoc ia ted  with each subsystem. 
This is an important considerat ion s i n c e  i t  impacts any considered need f o r  
d a t a  bus vot ing  and t h e  operat ing s t a t u s  ( o f f ,  on-standby, on-operating without 
outputs  
subsystem as w e l l  as vot ing  on t h e  computer termlnal end of t h e  d a t a  bus. 

Considering t h e  f a c t  of t h e  mechanical i n t e g r i t y  of t h e  t ransmission 

or on-operating) of t h e  redundant preprocessors  assoc ia ted  with each 

The level of redundancy shown i n  Figure 2-2 would i n d i c a t e  the s u f f i c i e n c y  
of d u a l  t ransmission .redundancy wi th  t h e  exception of p o s s i b l e  h igher  redundancy 
f o r  t h e  RCS. 
t ransmission redundancy t o  each subsystem by v i r t u e  of t h e  mutual f u n c t i o n a l  
redundancy of t h e  SIRU with t h e  OAS and t h e  CMGs with  t h e  RCS. As an examples 
i f  t h e  SIRU and CPaGs are serv iced  by Data Buses 1 and 3 and t h e  OAS and RCS 
are serv iced  by Data Buses 2 and 4 ,  then c o n t r o l  system o p e r a t i o n a l  c a p a b i l i t y  
may r e a l i z e  a four - leve l  transmission redundancy ( 
up c a p a b i l i t y )  while  requi r ing  only d u a l  t ransmission redundancy t o  each G&C 
subsystem 

Absolute t ransmission redundancy may be increased using d u a l  

t h  appropr ia te  software back- 
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The mechanical redundancy of t h e  OAS is  i n t e r p r e t e d  as d u a l  by v i r t u e  of 
t h e  d u a l  star t r a c k e r s  and dua l  horizon scanners i n  which a f a i l u r e  i n  me of 
t h e  two gimbals on one of t h e  instruments  f a i l s  t h a t  instrument and a s i n g l e  
gimbal f a i l u r e  i n  t h e  dua l  instrument f a i l s  t h e  d u a l  instrument.  Instrument 
o p t i c s  f a i l u r e  may be considered on t h e  same level as t h e  mechanical gimbal 
f a i l u r e .  Since t h e  O M  mechanical redundancy is  l imi ted  t o  d u a l ,  d u a l  pre- 
processors  should be adequate with a s i n g l e  preprocessor  capable of accommodating 
both t h e  star t r a c k e r s  and t h e  horizon scanners. 

The mechanical redundancy of t h e  SIRU is defined as four  level in t h e  MIT 
r e p o r t  s i n c e  it is  s t a t e d  t h a t  continued system operat ion is a v a i l a b l e  with 
t h r e e  gyro f a i l u r e s ;  however, t h e  t h i r d  f a i l u r e  cannot be i s o l a t e d .  
suggests  d u a l  redundancy on t h e  power supply and preprocessor as a r e s u l t  of 
h igher  r e l i a b i l i t y .  Thus, dua l  e l e c t r o n i c s  redundancy may be considered 
adequate on a r e l i a b i l i t y  bas i s .  However, on a f a i l u r e  cri teria b a s i s ,  t r i p l i -  
cate preprocessors  may be considered i n  order  t o  take  advantage of t h e  higher  
level of mechanical redundancy. 
t h e  o t h e r  subsystem preprocessors  are d u a l  i n  order  t o  have a common f a i l u r e  
i n t e r p r e t a t i o n  and switch-over rout ine .  

The r e p o r t  

Dual preprocessors  may be p r e f e r r e d  i f  a l l  of 

The CMGs are i n t e r p r e t e d  t o  have d u a l  mechanical redundancy. This l i m i t a -  
t i o n  i s  p r i n c i p a l l y  based on t h e  gyro s p i n  bear ings (as w e l l  as t h e  s p i n  motor 
c i r c u i t  i f  i t  is n o t  redundant t o  each gyro). In addi t ion ,  t h i s  l i m i t a t i o n  is 
expected t o  apply t o  t h e  precession torquing gimbals i n  one c o n t r o l  axis. 
f o r e ,  with t h e  expected h igher  e l e c t r o n i c  r e l i a b i l i t y ,  i t  i s  assumed t h a t  dua l  
preprocessors  are adequate f o r  t h e  CMGs. In a similar manner, d u a l  t ransmission 
should be adequate,  although t ransmission redundancy as high as f o u r  is i n d i c a t e d  
as a . p o s s i b i l i t y  i n  Figure 2-2, 

There- 

With regard t o  t h e  RCS, i t  is assumed t h a t  the dual  b ipropel lan t  source 
quad va lves  a r e  under a t  least dua l  redundant e l e c t r o n i c  c o n t r o l  a p a r t  from 
t h e  c o n t r o l  of t h e  f o u r  RCS s t a t i o n s .  Although manual i s o l a t i o n  va lves  and 
check va lves  may be present  i n  t h e  propel lan t  d i s t r i b u t i o n  system t o  enhance 
t h e  o p e r a t i o n a l  c r i t e r i a ,  t h e  presence of t h e s e  va lves  w i l l  n o t  b e  included i n  
a redundancy assessment I) Due t o  t h e  impingement of t h e  hypergol ic  b i p r o p e l l a n t s  
c o n s t i t u t i n g  certain combustion and t h e  mechanical i n t e g r i t y  of t h e  t h r u s t  
chamber assembly and nozz le  
p r o p e l l a n t  d i s t r i b u t i o n  and c o n t r o l  valves. Of course,  a c a s u a l t y  which 
phys ica l ly  des t roys  a j e t  would be i n  a d i f f e r e n t  f a i l u r e  category which t h e  
RCS subsystem would f u l f i l l .  

mechanical f a i l u r e  cri teria is  assocfa ted  with t h e  

Each RCS s t a t i o n  has  s t a t i o n  d i s t r i b u t i o n  valves (subsequently r e f e r r e d  t o  
as reactant va lves)  which are quad valves placed i n  each of t h e  propel lan t  
l i n e s  a f t e r  t h e  dua l . source  p r o p e l l a n t  l i n e s  have been manifolded, A set of 
s t a t i o n  d i s t r i b u t i o n  va lves  s u p p l i e s  four  je ts  a t  each RCS s t a t i o n  wi th  each 
propel lan t  l i n e  t o  each j e t  being cont ro l led  by quad je t  valves ,  
va lves  opera te  normally closed wherein appl ied puwer is required t o  
open, The s t a t i o n  d i s t r i b u t i o n  valves as w e l l  as t h e  source va lves  are assumed 
t o  opera te  normally open. 

The j e t  
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e following: A l l  twelve va lves  in 
sources of one propel lan t  (say f u e l )  

anion J e t s  (two jet va lves  p lus  two d i s t r i b u t i o n  va lves ,  p lus  two 
s times two f o r  t h e  number of s t a t i o n s  and sources) may f a i l  open. 

il open p r i o r  to permitt ing continuous 
i x  series f u e l  valves and sjlx series 

approximate 50 percent duty cycle 
en to permit continuous f i r i n g  by 

e d i r ec t ion  u n t i l  t h e  f a i l e d  pro- 

dundancy of t he  valves. A s i n g l e  
capable of s e rv i c ing  a l l  four  

sumed RCS statim loca t ions  on t h e  ends of t h e  Space 

re 2-2 assumes dua l  preprocessors i n  four loca- 
quad e l e c t r o n i c  
Fa21 Op condi t ions ,  
d number of RCS 

clucks t h r e e  of t he  
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2.4 G&C REQUIREMENTS 

The G&C system must conform t o  resupply cyc le  t i m e s  of f o u r  months i n i t i a l  
resupply a v a i l a b i l i t y  and f o r  dura t ions  of s i x  months t h e r e a f t e r .  Although 
p a r t s  o r  module replacement i s  permissible ,  t h e  system should b e  condusive t o  
t h e  10-year Space S t a t i o n  l i f e t i m e .  

2.4.1 General Requirements - Unmanned 

No s t a t e d  requirements e x i s t  f o r  t h e  Space S t a t i o n  G&C system p r i o r  t o  
t r a n s f e r r i n g  c o n t r o l  i n  o r b i t  from the S-11 boos ter  G&C system. This t r a n s f e r  
of c o n t r o l  is  t o  be accomplished wi th  no hard w i r e  connections. Requirements 
are a n t i c i p a t e d  f o r  a G&C system checkout ( p r i n c i p a l l y  f o r  t h e  computer) p r i o r  
t o  l i f t - o f f  e 

por t ion  of t h e  on-orbit  o p e r a t i o n a l  system monitoring requirements. 
prelaunch checkout i s  considered an i n t e g r a l  p a r t  of t h e  t o t a l  on-board checkout 
system, which is out of scope f o r  th i s  study. 

However, prelaunch checkout/system monitor would be a l i m i t e d  
Therefore ,  

Immediately p r i o r  t o  t r a n s f e r  of c o n t r o l ,  t h e  Space S t a t i o n  G&C system 
w i l l  r e q u i r e  a c t i v a t i o n  and checkout. 
system w i l l  perform funct ions  of a t t i t u d e  c o n t r o l  and navigat ion i n  an o r b i t a l  
coast  condi t ion.  
re ference  upon c o n t r o l  t r a n s f e r  ( i n e r t i a l  o r  l o c a l  l e v e l )  as w e l l  as o t h e r  
i n e r t i a l  o r  l o c a l  level re ferences  t o  be executed upon subsequent command. 
navigat ion func t ion  i s  t o  perform o r b i t  determination i n  a primary r o l e  ar.d t o  
receive ground t r a c k  update as an i n c i d e n t a l  r o l e .  

Af te r  c o n t r o l  is t r a n s f e r r e d ,  t h e  G&C 

References f o r  a t t i t u d e  c o n t r o l  may consist of t h e  i n i t i a l  

The 

The dura t ion  of unmanned opera t ion  is expected t o  be less than two days. 
Upon command from an approaching L o g i s t i c s  Vehicle,  t h e  Space S t a t i o n  w i l l  hold 
t h e  commanded a t t i t u d e  (probably f ine a t t i t u d e  hold) prepara tory  t o  docking and 
t r an8 i t ion. 

2.4.2 General Requirements - Manned 

After manned e n t r y  t o  the  Space S t a t i o n ,  an i n t e r v a l  of f a m i l i a r i t y  and 
ill r e q u i r e  t h e  G&C system t o  perform a t t i t u d e  c o n t r o l  and naviga t ion  

during o r b i t a l  coas t  
for manual inputs .  

similar t o  unmanned operat ion but a d d i t i o n a l l y  providing 

Af ter  t h e  f a m i l i a r i z a t i o n  i n t e r v a l ,  t h e  S-I1 undergoes end-to-end t rans-  
p o s i t i o n  under manual cont ro l .  Next, t h e  S-II and Space S t a t i o n  combination 
is deployed and spun-up with t h e  G&C systems only requirement during spin-up 
being t o  provide and maintain commanded s p i n  rate. 
f o r  a r t i f i c i a l  "g" aBsessment during t h e  f i r s t  month of manned operat ion,  
During t h i s  time t h e  GCC system is  t o  provide balance c o n t r o l  f o r  wobble damping, 
maintain commanded s p i n  rate (approximately 4 R F M ) ,  and c o r r e c t  f o r  sp in  axis 
precession wi th in  prescr ibed  l i m i t s ,  
nav iga t ion  OK state v e c t o r  determination of Experiment Modules during t h e  

The combination i s  spun 

The G&C system is n o t  required t o  perform 
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Table 2-4, G&C Requirements Matrix 

Mission 
G&C Functions Modes 

Phases 
( Computer ) 

Receive and S t o r e  Modes 
Process Commands /Upd a t  es 
Perform S t a t u s  Monitoring 
Point  Sensors f o r  Search 
Acquire and Track Objects  
Read Sensors 
Compute Strapdown Equations 
Compute A t t i t u d e  Error  
Compute Navigation 
I s s u e  Actuation Commands 
Issue S t a t i o n  Keeping Commands 
Monitor and I s s u e  Momemtum Dump 
Compute State Vectors 
Provide A l i g n .  Reference 
Provide A r t  e "g" Balance Control 
Provide Rendezvous Aids 
Provide Docking Aids 
Provide Dispatch Aids 
Provide Required Reconfiguration 

Un- 
Manned 

IAtt i tude Hold 

Manned and Unmanned 

e. 
Equipment I 

e n t  

I "D" i n d i c a t e s  information a v a i l a b l e  on Data Bus 

Equipment L i s t  
1 SIRU 5 Rendezvous Sensors (D) 
2 OAS 4 Docking Sensors (D) 
3 CMGs 7 Balance Sensors (D) 
4 RCS D Data Bus Information 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
x 
X 
X 
X 
X 
X 

l+4 

Spec ia l  
Manned Phases 

- 
X 
X 
X 

D 
X 
x 

X 

X 

D 

X 

193 
497 - - 

- 
X 
X 
X 

D 
X 
X 
x 
X 

D 
D 

D 
D 

X 

- 
X 
X '  
X 

D 
X 
X 
X 
X 
X 
X 
D 
D 

D 
D 
D 
X 

1-.4 
D - - 

- 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
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t h a t  g rea t e r  c l a r i t y  
unnecessary computer 
a m e r e n t  G&C f c tional r @ q u i ~ ~ ~  ts . 

ION 

e G i C  System cons i s t s  of a rec f igurable  central computers fou r  primary 
tatimal requirements pe r t a in ing  t o  t h r e e  addi- 
, corammication, d a t a  de l ivery ,  and command 

ons are required on a Data Bus access with the  "cen t r a l  da ta ,  
eckout computer complex" (information omnagemat system) e Both 

al 6&C system s i g n a l  transmission is t o  

The genera l  fayout of t he  base l ine  GCC system conf igu ra t i  
res2-3a and 2-3b which are drawn t o  be end-to-end-connected. The G&C 
ta l -computers  (A) and t h e  four  prim systems - SIRU (B), O M  (C> CMGS 

(D), and RCS (E) are s h a m  as being int c ted  by t h e  Data Bus, The th ree  
add i t iona l  subsystems are s h a m  as Othe stems (G) .  The Configuration 
i n t e r f a c e  with ex te rna l  GCC func t ions  is shown as the  Information Management 

ata recept ion by 

"he digital computer is t o  have modular construct ion and is t o  be re- 

e GBtC computer configurat ion 
s are subjec t  t o  trade-off.  

4 

e four primary s ~ b ~ y s t ~ s  %ts (as p a r t s  of t he  
e;&C system) f o r  d a t a  bus access. 
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Although n o t  e x p l i c i t l y  ind ica t ed  in Figure 2-3, t he  four pr imary subsystems 
w i l l  have some form of computational preprocessors  in te rconnec t ing  t h e  subsystems 
with t h e i r  r e spec t ive  i n t e r f a c e  u n i t s .  
modular. However t h e  t o t a l  ex ten t  of preprocessing i s  sub jec t  t o  trade-off 

This in te rconnec t ion  may be i n t e g r a l  or 

The func t ion  of inertial  re ference  instruments is represented  by t h e  SIRU 
(Strapped-down I n e r t i a l  Reference Unit)  subsystem which c o n s i s t s  of s i x  ( 6 )  
gyros and s i x  ( 6 )  accelerometers (pulse-rebalance) mounted i n  a unique symmetri- 
c a l  p a t t e r n  (dodecahedron) e 

environment 
The SIRU is  configured t o  contain a f a i l u r e  de t ec t ion  and i s o l a t i o n  scheme as a 
r e s u l t  of a computational process.  Continued system opera t ion  occurs wi th  up 
t o  t h r e e  out of s i x  gyro f a i l u r e s .  However, t h e  t h i r d  f a i l u r e  i s  ambiguous. 
Normal app l i ca t ion  of t h e  SIRU gyros i s  f o r  short-term i n e r t i a l  r e f e rence  o r  
smoothing of o t h e r  instrument outputs  with t h e  long term gyro d r i f t s  being 
compensated wi th in  the computer by i n e r t i a l  instrument,  such as s ta r  t r a c k e r s ,  
measurements. 

The accelerometers,  being s e n s i t h e  t o  a "g" 
are app l i cab le  f o r  Space S t a t i o n  usage during a r t i f i c i a l  "g" periods.. 

The measurement d a t a  are used f o r  a t t i t u d e  and naviga t ion  updates. 

Functions of i n e r t i a l  measurements and l o c a l  body ( e a r t h  re ference)  measure- 
ments are represented  by t h e  OAS (Opt ica l  A t t i t ude  Sensors) which c o n s i s t  of 
redundant s tar  t r a c k e r s  and redundant horizon scanners. D i g i t a l  p i ckof f s  of 
t h e  gimbal angles  are assumed. 

Functions of providing mass conservative momentum in te rchange  are represented  
by t h e  CMGs (Control Moment Gyros). 
gimbal CMGs f o r  app l i ca t ion  t o  c y c l i c  c o n t r o l  events  during a t t i t u d e  hold l i m i t  
cyc le  opera t ion  and f o r  very low rate a t t i t u d e  maneuvering. Momentum dump 
c a p a b i l i t y  is provided by t h e  r eac t ion  jets with a s soc ia t ed  c o n t r o l  logic .  The 
CMG subsystem is provided wi th  s t a t u s  monitoring and f a i l u r e  i s o l a t i o n .  
t h r e e  CMGs are assumed configured f o r  zero n e t  angular momentum when they are 
a l igned  t o  t h e i r  gimbal n u l l s  since t h e  major i ty  of t h e  mission t i m e  c o n s i s t s  
of l o c a l  v e r t i c a l  o r  a r t i f i c i a l  "g" operation. 

This conf igura t ion  r ep resen t s  t h r e e  double- 

The 

Functions of providing c o n t r o l  to rques  of t h e  mass-expulsion type  are 
represented  by t h e  r eac t ion  jets of the  RCS (Reaction Control System), In 
a d d i t i o n s  t h e  RCS provides nom a l  t r a n s l a t i o n  f o r c e s  (with s u i t a b l e  l o g i c )  f o r  
station-keeping purposes t o  p r  i d e  f o r  o r b i t a l  makeup, "he RCS i s  d i s t r i b u t e d  
t o  always provide pure couples (provided no jets have f a i l e d )  about t h e  t h r e e  
a t t i t u d e  con t ro l  axes. The number of j e t s  are s i x t e e n  (four l o c a t i o n s  of four  
jets each) wi th  a p o s s i b i l i t y  as h igh  as twenty-one. 
r ep resen t  no  apprec iab le  d i f  f erence requirements o the r  than f o r  purposes OS 
s t a t u s  monitoring and i s o l a t i o n .  A -propellant feed  source  is t o  be provided 
t o  each je t ,  Considerations f o r  f u r  er redundancy (beyond t h e  couples) focus 
on t h e  c o n t r o l  va lve  e The most c ex realistic red  cy approach (included 
he re in )  uses  quad va lves  i n  each f u e l  and o x i d i z e r  l ine t o  each j e t  as w e l l  as 
i n  each of t h e  dua l  supply lines, 
i s o l a t i o n  is a functicm of t h e  number of jets,  va lves ,  and va lve  d r ive r s .  The 
RCS p e r f o r m  func t ions  of over r ide  ( l a rge  e r r o r s )  torque generation f o r  
nominal a t t i t u d e  maneuver rates momentum dump, and t r a n s l a t i o n  fo rces  
f o r  s t a t i o n  keeping. 

This p o s s i b i l i t y  would 

The requi red  s t a t u s  monitoring and f a i l u r e  
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Perform Spin Up/Down Computational 
Requirem-n's 

Compute Attitude Corrections 

Monitor Response 

Reconfigure as Required 

I No 

Mon i tor' Res p on s e 

Reconfigure as Required 

Fig. 2-4, (continued) 
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Terminal Rendezvous 

Compute and Output Rendezvous 

Read Sensor Data 

Compute and Output Thrust 
Vector Command Signals 

Radar 

Docking Mode 
Perform Rendezvous-to-Docking 
Transition 

Read Sensor Data 

Compute and Output G Degree-of- 
Freedom Commands 

Monitors for Contact 

Fig. 2-4. (continued) 
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Fig. 2-7.  Flow Diagram €or State Integration - 
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The Haneuver Determination func t ion  provides  for var ious  steer 
h w  Rate Maneuver, High B including Hold A t t i t  

and CMG Desaturat ion 
( f i n e  or coarse)  

2.6.1.5 A r t i f i c i a l  "g'' 
Figure 2-4, is t o  perform both the statBc and dynamic computati 
necessary f o r  balance cont ro l .  Second level d i a g r a m  f ~ r  t h i s  
presented i n  the  form of equat ions only, Sectfon 2.7 - "Comput 
ments. " 

The s ign i f i cance  of t h i s  func t ion  is p r imar i ly  t o  g 
complexity for s i z i n g  t h e  GdC computer/data bus system. 
de t ec t ion  and i s o l a t i o n  for t h i s  func t ion  2s l imi t ed  t o  

2.6.1.6 
genera te  t h e  appropr ia te  CMG torque and momentum 

de tec t ion  and i s o l a t i o n  and correspondimg 
The f i r s t  l e v e l  f low diagram f o r  performing 
Figure 2-9. 
progress  r epor t  "Computational Requirements Analysis f o r  

CMG S t e e r h g  - The program module " 

con t ro l  of t h e  space s t a t i o n ,  and provide f ure 

For f u r t h e r  d e t a i l s  t h e  reader  is r e f e r r e d  t 

2.6.1.7 RCS S tee r ing  - The purpose of t h e  
necessary l o g i c  and computations t o  comput 
engine va lve  con t ro l ,  and provide f a i  
t i o n  of t h e  r eac t ion  con t ro l  s y s t e m .  
r e l a t i o n  and l o g i c  dec is ions  for hplement  
Figure 2-10. The diagram is b a s i c a l l y  sel 
information may be gained from t h e  s i x t h  rn 
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For convenience and because t h e  computer housekeeping func t ions  a r e  con- 
s ide red  f ixed  f o r  any v a r i a t i o n  of t h e  f i r s t  category, these  func t ions  are also 
included i n  t h e  second category. Such func t ions  inc lude  t h e  execut ive  program, 
computer d i agnos t i c s ,  u t f l i t y  rou t ines  ( s i n e ,  cos ine9  tan-' e t c .  anti I/O 
s t o r a g e  and command func t ions .  
preprocessing at  t h e  subsystem l e v e l  are given i n  Table 2-6, 
f o r  t h e  func t ions  performed in t h e  f i r s t  category are: 

The requirements  f o r  t h e  case having minimum 
The requirements 

Memory Storage = 17,400 words 

Speed = 794,800 s h o r t  opera t ions /sec  

The memory s to rage  i s  t h e  combined sum t o t a l  of i n s t r u c t i o n s ,  cons tan ts  and 
v a r i a b l e s  and impl ies  16 b i t  words. Speed is t he  requi red  s h o r t  and long 
computer ope ra t ions  (long = 2 s h o r t )  necessary  t o  perform t h e  func t ions ,  

Applyhg t h e  same format t h e  requirements f o r  t h e  category two func t ions  
are given as follows: 

Memory Storage = 21,200 

Speed = 79,200 shor t  ope ra t ions / sec  

In viewing Table 2- 6, t h e  requirement s p e c i f i e d  as "Background" inc ludes  
an immediate memory s to rage  requirement wi th  no  impact on duty cycle. In 
essence,  "Background'' impl ies  computational requirements scheduled on a cyc le  
much g r e a t e r  than once p e r  s e c  (e.g. once every 1000 sec) .  A design allowance 
f o r  background func t ions  and f o r  pe r iod ic  func t ions  such as rendezvous and 
docking are assigned t o  be performed during t h e  20 percent duty cyc le  allowance 
provided as I t e m  15 (Background) i n  t h e  Table. Typical Background computations 
inc lude ,  f o r  example, 

a. Star Se lec t ion  (10-3 t imes /sec)  

b. Star Poin t ing  t imes /sec)  

c. Star Tracker F a i l u r e  Design t imes/sec) 

de Direc t ion  Cosine Orthog. t imes /sec)  

e. A t t i t u d e  Update (IOe3 t imes lsec)  

The twenty percent  duty cyc le  allowance I s  a l s o  desfgned t o  accommodate 
r econf igu ra t ion  requirements which are no t  exerc ised  during normal duty cyc le  
ope ra t ions .  

The es t imated  computational requirements f o r  t h e  case havlng maximum pre- 
process ing  at  the'subsystem l e v e l  i s  given i n  Table 2-5. En t h i s  case,  only 
those func t ions  dea l ing  e x p l i c i t l y  with t h e  SHRU, O M ,  WGs, and RCS are 
examtned, with t h e  carry-over of requirements from Table 2 4  f o r  t h e  remaining 
func t ions .  It must be noted t h a t  191 providing t h i s  estimate l i t t l e  cons idera t ion  
is given he re  with r e spec t  to t h e  s i z e  and/or speed necessary  a t  t h e  subsystem 
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level t o  a r r i v e  at t h i s e  values .  Such considerat ions are presented i n  Sect ion 
2.9, Computation Allocat ion Trade-offs. The estimates provjlded i n  Table 2-5. 
are : 

Memory Storage = 7,100 words 

Speed = 263,800 s h o r t  opera t ionsfsec  

Evaluating t h e  d i f f e r e n c e  between p lac ing  a l l  of the burden on t h e  c e n t r a l  
computer o r  i n  keeping with p lac ing  as much of t h e  processing a t  t h e  subsystem 
level as p r a c t i c a l  reduces t h e  c e n t r a l  computer load by: 

(1) 

(2) 

Reduced Storage = 10,300 words 

Reduced Speed = 531,000 s h o r t  opera t ions /sec  

The s i g n i f i c a n c e  i n  t h e  requirements reduct ion between t h e  maximum and 
m i n i m u m  boundary condi t ions  is t h e  e f f e c t i v e  reduct ion i n  speed. 
is a t t r i b u t e d  t o  t h e  more s t r i n g e n t  update rates imposed on t h e  SIRU and RCS 
subassemblies. That i s ,  update rates of 100 times/sec i n  t h e  case of t h e  SIRU 
and 200 times/sec €or  t h e  command and c o n t r o l  func t ions  of t h e  RCS. These 
requirements are f e l t  t o  be q u i t e  severe  f o r  a space s t a t i o n  environment. 
Update rates on t h e  order  of t e n  times/sec f o r  SIRU and 50 times/sec f o r  t h e  
RCS are f e l t  t o  be more than adequate. 
requirements would r e f l e c t  a change on t h e  order  of 153,000 s h o r t  operat ions/sec.  
The l a r g e r  number, however, i s  i n  keeping wi th  t h e  requirements s p e c i f i e d  by 
MSC, NASA, 

This f a c t o r  

In  t h i s  event ,  rhe reduct ion i n  speqd 

The €allowing paragraphs provide t h e  backup and/or method €or  a r r i v i n g  at 
t h e  estimates provided i n  both Tables 2-5 and 2-6. 

2.7.1 A t t i t u d e  Determination 

The computational requirements f o r  performing t h e  A t t i t u d e  Determination 
program modules involves  t h e  following func t ions  : 

(1) Gyro f i l t e r ' e q u a t i o n s  

(2) 

(3) S t a r  s e l e c t i o n  r o u t i n e  

(4) 
( 5 )  S t a r  t r a c k e r  f a i l u r e  d e t e c t i m  

(6) Direc t ion  cosine update equat ions 

(7) Direct ion cosine or thogonal izat ion 

( 8 )  

F a i l u r e  d e t e c t i o n  and i so la t%on equat ions 

Star pohtinng command and c o n t r o l  

S t a r  t r a c k e r  measurement update equat ions 

e of t h e  amount of e ta i l  involved i t h  t h i s  module ( f o r  t rade-of fs ) ,  
i s  r e f e r r e d  t o  t h e  ixbh monthly p 
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Table 2-6 e Estimated Computational Requirements Having 
Minimum Preprocessing 

Program Nodule 

1. At t i tude  Determination 

Fixed R a t e  
Background 

2. Navigation Determination 

Fixed Rate 
Background 

3 Maneuver Deteminat  ion 

Fixed R a t e  - A 
Fixed R a t e  - B 

4. CMG Control 

Fixed R a t e  

5. RCS Control 

Fixed R a t e  - A 
Fixed R a t e  - B 

Subto ta l  (1) 

S t  orage 
Requirements 

1,500 
1,900 

1,100 
3,000 

90Q 
2 00 

3,100 

5,700 

17,400 

4,000 

1,000 

3,000 

2,200 

800 
5 700 
1,200 

Computer 
Operations 

Long 

400 - 

200 
- 

170 
40 

500 

100 
50 

- 

2 80 

1 500 

450 

loo - 

Short 

2,400 - 

1,300 - 

900 
100 

2,200 

1,800 
800 

- 

800 

7,500 

2,000 

1,200 - 

Exe cu t ion 
Rate 
(set) 

100 - 

100 - 

20 
2 00 

20 

10 
2 00 

- 

20 

1 

20 

20 - 

Duty Cycle 
(ops /se  c> 

40,000 - 

20,000 - 

3,400 
8,000 

10,000 

1,000 
10,000 

82 400 

Short 

240,000 - 

130,000 - 

18,000 
20,000 

44,000 

18,000 
160,000 

630,000 

I 

- 

s 

40,000 

- 
- 

12,000 
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Table 2-6-  (continued) 

Program Module 

12 Diagnostics 

13. U t i l i t y  Routines 

14. I / O  

I Sub to ta l  (2)  

Sub to ta l  (1) I 
15. Background (20 percent 

duty cycle)  

Tot a1 

Storage 
Requirements 

1,200 

1,200 

900 

21,200 

17,400 

38,600 

Computer Ex@ cut  ion  
Operat ions  I Rate 

Duty Cycle 
(ops /se c) 

Long 

100 

- 

1 600 
82 400 

10,000 

94,000 

Short 

12,000 

- 
12,000 

76,000 
630 000 

100,000 

806 000 

2.7.2 Navigation Determination 

The computational requirements f o r  t h e  Navigation Determination module in- 
volves t h e  following func t ions :  

Accelerometer f i l t e r  equations 

F a i l u r e  Detect ion and i so la t icm equat ions  

Delta v e l o c i t y  update  

Pos i t i on  and v e l o c i t y  update  

In t eg ra t ion  rou t ines  

Polynomhal  p red ic t ion  c o e f f i c i e n t s  

Horizon scanner command and c o n t r o l  

Horizon sensor  scanning angles  

Measurement angle computation 

S t a t  e up a at  e measurement equat i ons  

Again9 because of the  complexity of involvement for this modulee Che r eade r  
is r e f e r r e d  t o  t h e  s i x t h  monthly progress report ,  
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2,7.3 _Maneuver Determination 

The computational requirements f o r  t h i s  module were estimated based on the  
s t e e r i n g  mode requirements spec i f ied  €or t h e  space s t a t i o n .  

(1) Hold a t t i t u d e  ( f i n e  o r  coarse) 

(2) Low rate maneuver (employing CMGs) 

(3) High rate maneuver (employing RCS) 

(4) CMG desaturat ion maneuver 

(5) Manuallautomatic outer-loop commands 

The a c t u a l  numbers provided i n  Tables 2-5 and 2-6, are a gross estimate based 
on combining t h e  At t i tude  Error  submodule, derived i n  t h e  At t i tude  Determination 
module, with equal  requirements f o r  implementing t r a n s l a t i o n a l  command and control.  
The At t i tude  Error submodule computational es t imate  calls  for :  

(1) Memory Storage 2400 words 

(2) Speed -18,000 s h o r t  operat ionslsec 

Where, t h e  update r a t e  is considered t o  be 20 ttmes/sec with ten t o  one 
predict ion (200 timeslsec smoothing) t o  accommodate t h e  RCS update requirement. 
The a t t i t u d e  cont ro l  requirement was then doubled t o  r e s u l t  in :  

(1) Memory Storage 800 words 

(2) Speed 36,000 s h o r t  operat ions/sec 

(Not including predict ion) .  
plane l o g i c  equations f o r  implementing t h e  RCS with CMG cont ro l  resu l ted  i n  the  
numbers provided 3.n t h e  tab les .  

Including the  i n s t r u c t i o n s  f o r  predict ion and phase 

2.7.4 CMG Control 

The CNG Control module i s  s t ruc tured  t o  provide t h e  following subfunctions : 

(13 Control mode ac tua t ion  l o g i c  

(2) Torque e r r o r  computations 

(3) Momentum e r r o r  computations 

(4) Desaturation s e n s i t i v i t y  l o g i c  

(5) F a i l u r e  Detection and I s o l a t i o n  

(6) Reconfiguration model and l o g i c  

Again9 t h e  complexity o€ d e t a i l  PnvoEved wfth t h i s  function is out of scope 
f o r  t h i s  sect ion.  
report  f o r  d e t a i l s ,  

The reader is therefore  re fer red  t o  the  s i x t h  monthly progress 
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2.7.5 RCS Control  

The RCS Control  module i s  made up of t h e  following subfunctions: 

(1) Control  mode ac tua t ion  l o g i c  

(2) Torque and/or Force computations 

(3) Engine va lue  c o n t r o l  l o g i c  

(4) F a i l u r e  de tec t ion  

(5) F a i l u r e  i s o l a t i o n  

(6) Reconfiguration 

The es t imates  f o r  t h i s  module may be found i n  t h e  s i x t h  monthly progress  r e p o r t  
along with t h e  CMG Control module. 

2.7.6 Experimental Module(s) Update 

The estimate f o r  t h e  Experimental Module Update package is  a d i r e c t  e x t r a -  
po la t ion  from t h e  estimate f o r  t h e  "Navigation Determination" module and from 
previous mechanizations of t h i s  n a t u r e  using t h e  Kalman f i l t e r  es t imat ion techniques.  

The estimate u t i l i z e s  2600 of the 3200 words (neglect ing t h e  requirements 
p e c u l i a r  t o  t h e  SIRU). 
measurement parametersg range and range rate,  as read from t h e  radar  system 
( t h e  two LOS radar  angles  correspond t o  t h e  star t r a c k e r  gimbal angles).  The 
f a c t  of handling t h r e e  v e h i c l e s  adds an a d d i t i o n a l  200 words f o r  matr ix  a r r a y  
s t o r a g e  p e c u l i a r  t o  each vehic le .  The remaining 30 percent  (600 words) i s  t h e  
normal design allowance f o r  es t imat ing.  

I n  a d d i t i o n ,  600 words are added t o  handle t h e  addi.tiona1 

2.7.7 Taxi Module Alignment 

The estimate f o r  t h e  Taxi (co-orbi t ing s h u t t l e )  Module Alignment is based 
on t y p i c a l ,  but  simple,  i n e r t i a l  alignment procedures between a master and slave 
iner t ia l  reference.  It is  assumed t h a t  the co-orbit ing s h u t t l e  will contain its 
own i n e r t i a l  re fe rence  system, w i l l  r e q u i r e  alfgnment from t h e  space s t a t i o n ,  
will taxi  t h e  experimental  modules t o  f fxed  p o i n t  in o r b i t ,  and rebu 
command. 

2 7.8 Terminal Rendezvous 

It is  expected t h a t  t h e  Rendezvous technique f o r  t h e  Space 
from Apollo. The most probable reason is that time cr 
comparable. The Space Station. r may use  phas 

ini, However, eh type of rendezvoue has no 
In t h e  end, t h e  t o t a l  scope of r zvous may be cowsfdered as 
phases which may inc lude  t r a n s f e  rust%ng,  coas t ing  ~~~~5~~~ 
el% as tewjinal rendezvous (homing) 
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The following pro jec t ion  of Space S ta t ion  computer requirements are based 
on two approaches. 
t i on  with l i s t e d  assumptions t o  p ro jec t  minimum computer requirements. The 
second approach uses a gross  ex t rapola t ion  of Apollo requirements t o  p ro jec t  
maximum computer requirements. These two approaches r e s u l t  in  a comparison of 
roughly 800 words vs  4000 words, respect ively.  

The f i r s t  approach uses  simplff fed computations i n  conjunc- 

A s  sump t ions 

Space S ta t ion  computer requirements cons is t  o f :  

(a)  Computing and commanding a t r a n s f e r  impulse th rus t ing  
command (AV,) t o  co-orbiting vehic les  (Logis t ics  
Vehicle o r  Orb i t a l  Taxi) 

S t a t e  vec tors  computations of the  t r a n s f e r  t r a j e c t o r y  
w i l l  u t i l i z e  ex i s t ing  navigat ion updating rout ine  

No midcourse cor rec t ions  are t o  be computed 

Upon range sensor o r  state vec tor  i n i t i a t i o n ,  perform 
ac t ive  terminal homing rendezvous guidance computations 
u n t i l  t r a n s i t i o n  t o  docking is subsequently i n i t i a t e d .  

(b) 

(c)  

(d) 

Other vehic les  are e s s e n t i a l l y  co-orbiting. Nominal out-of- 
plane ve loc i ty  e r r o r s  w i l l  be removed during terminal  homing. 
In other  words, t he  AVI command w i l l  no t  requi re  out-of-plane 
computations. 

Space S ta t ion  may hold i n e r t i a l  reference,  p a r t i c u l a r l y  f o r  
t h e  Logis t ics  Vehicle. 
correspond t o  Space S ta t ion  body axes so t h a t  t h e  Rendezvous 
Radar gimbal angles  may be referenced t o  the  Space S ta t ion  body 
corrdinates .  However a s i n g l e  coordinate transformation w i l l  
be included t o  permit t he  Space S ta t ion  t o  hold l o c a l  v e r t i c a l  
( p a r t i c u l a r l y  f o r  rout ine  Space S ta t ion  operat ions while bring- 
ing in an O r b i t a l  Taxi). 

Rendezvous Radar sensors  provide range and two LOS angles.  
Measured va r i ab le s  are % 9  oy, and oza 

Variables G 9  ay9 and oz are derived d i g i t a l l y .  

The range and t a r g e t l r e f l e c t o r  s i z e  w i l l  preclude the Space 
S ta t ion  determining the  incoming veh ic l e ' s  a t t i t u d e .  
requi red ,  t h i s  funct ion w i l l  be performed by manual observa- 
t i o n s  of t he  rendezvous t r a j e c t o r y  performance. 

Incomlng vehic le  has  m i n i m a l  t h rus t  l eve l  s e t t i n g  so  t h a t  
a computing dead-zone is used. 

Incoming veh ic l e  uses  proport ional  s t ee r ing  commands and 
does not use t ransverse  je ts  f o r  steerfng ( th rus t  vec tor  
cont ro l ) .  

Rendezvous Radar gimbal axes w i l l  

I f  
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(9) Incoming v e h i c l e  has a t t i t u d e  hold capabi l i ty .  P i t c h  and yaw 
Also, during s t e e r i n g  s i g n a l s  w i l l  overcome reference  d r f f t .  

nonthrust ing i n t e r v a l s ,  t h e  a t t i t u d e  hold commands will be t h e  
las t  s t e e r i n g  commands. 

Computer rendezvous requirements w i l l  be es t imated f o r  both a 
minimum and maximum i n t e r p r e t a t i o n ,  The minimum requirements 
w i l l  b e  based on t h e  l i s t e d  assumptions with r e l a t i v e l y  simple 
equations.  
from Apollo requirements. 

(10) 

The maximum requirements w i l l  be ex t rapola ted  

2.7.8.2 Basic Equations - Simplif ied Approach 

(1) Transfer  Impulse Command 

An impulsive t h r u s t  w i l l  be  commanded t o  t h e  incoming v e h i c l e  
t o  i n i t i a t e  t h e  t r a n s f e r  e l l i p s e  pursuant t o  rendezvous. A 
v e l o c i t y  impulse AV1 must be applfed a t  an angle B, defined 
t o  be t h e  angle  between l o c a l  ver t ical  and t h e  LOS. 
second, c i r c u l a r i z i n g  impulse AVp w i l l  be  considered as compris- 
ing  t h e  terminal homing rendezvous. The following two empir ica l  
equat ions are l i s t e d  f o r  a minimal approach t o  rendezvous. 
may be noted t h a t  t h e  angle i s  indeterminant and BV1 is  zero  i f  
t h e  two o r b i t a l  r a d i i  are equal. 
( in  t h i s  case) an equivalent  equat ion may be used for a minimal. 
approach t o  computer s i z i n g .  

The 

It 

However, i t  is expected t h a t  

Sin B = 

V1 = 163.14 x l o4  

where : 

R1 = I r i i t f a l  incoming v e h i c l e  o r b i t  r a d i u s  

R.2 = Space S t a t i o n  o r b i t  r a d i u s  

P1 = Rl/R2 P2 = 1/P1 

It is apparent t h a t  t h e  s o l u t i o n  of these  egtagltion~ should use a 
32-bit word. 
would be used f o r  a simpl%%%ed approach. 

Also, it is  most probable t h a t  a s u b s t i t u t e  equat ion 
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It is expected that no additional cmputer routines w i l l  be 
raqaa8rad as per Assumption Bo. 1. Appropriate routfies are 

ee4 to be avai 

er, the iteration rate may be expected to  be on the order 

le from Space Station navigation and 
ions (of eo-orbiting vehicles) routines, 

c e h b  n 

Tambal Radezvous 

(a) 

(b) 

Cmputa~ ims  are Bnitirptsd when P or R, 5 D1" 
~ ~ ~ ~ ~ ~ a ~ l ~ ~  are termhated when R, I Dg and transition 
to Dockinag comences. 

s of a ccmlc are available but simflar in. 

osaf ~ ~ ~ ~ i ~ ~ ~ e ~ t s  for the simplified 
arfzed in Table 2-7. 
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2.7.8.4 
Apollo G and C mechanizations requfred f o r  t h e  terminal  phase of rendezvous, 
It is  t o  be s t r e s s e d  t h a t  no d e f i n i t i v e  requirements may be r e a d i l y  t r a n s l a t e d .  

Extrapolated Apollo - An i n v e s t i g a t i o n  w a s  made toward e x t r a p o l a t i n g  

It appears t h a t  var ious  rendezvous s imula t ions  have been made on d i f f e r e n t  
computers (compiling languages nonoptimum programming etc. ) e A t r a n s l a t i o n  
i n t o  an a c t u a l  computer which may be appl icable  t o  t h e  Space S t a t i o n  cannot be 
r e a l i s t i c a l l y  performed. Moreover these  s imulat ions genera l ly  p e r t a i n  t o  t h e  
t o t a l  lunar  mission. Rendezvous requfrements are not  s e p a r a t e l y  def ined and 
c o n s i s t  of s e v e r a l  phases which are not  a p a r t  of t h e  S p a ~ a  S t a t i o n  study. 

It is understood t h a t  t h e  Apollo Mission Simulator - Trainer a t  Houston 
uses  an i n t e r p r e t i v e  language on t h e  MIT - DVP24 computer, 
t i o n  r e q u i r e s  a l l  of t h e  computers 56000 word capacity.  

The mission simula- 

I n  a d d i t i o n ,  i t  i s  understood t h a t  t h e  Command Module Procedure Simulation 
uses  FORTRAN as w e l l  as a computer language "COMPASS" and i s  run on t h e  CDC6400 
computer. This computer h a s  65000 words of memory. 
t h a t  t h e  Transfer  Phase I n i t i a t i o n ,  (TPI) ak in  t o  Terminal Rendezvous, would 
r e q u i r e  approximately 2000 dual  i n s t r u c t i o n  words (two instrumentat ions per  
60-bit words) 
renedzvous as i t  e n t a i l s  a c e n t r a l  f o r c e  f i e l d  (no oblateness) .  Also, i t  inc ludes  
guidance only and does n o t  include naviga t ion ,  dot-products,  o r  t h r u s t i n g  compu- 
t a t i o n s .  
be adequate f o r  terminal  rendezvous wi th  t h e  Space Station., 1 Wfthin t h e '  context  
of t h i s  p r o j e c t i o n ,  i t  has  been est imated t h a t  a t y p i c a l  rendezvous (a11 phases) 
could r e q u i r e  as much a s  16,000 words. 

It is  somewhat p r o j e c t e d  

However t h i s  p r o j e c t i o n  may be oversimplif ied f o r  Apollo lunar 

(It would seem t h a t  t h e  c e n t r a l  f o r c e  f i e l d  model computations would 

Independently of t h e  preceding d iscuss ion ,  t h e  following worst case 
p r o j e c t i o n  is made. 
words of memory wi th  a word length of 16 b i t s .  The t o t a l  rendezvous computational 
requirements comprise approximately one-half of the  computer capaci ty .  

The Apollo computer has  37,000 f ixed  p l u s  2000 d e s t r u c t  

The var ious  rendezvous phases and assoc ia ted  computer r o u t i n e s  are l i s t e d  
as fol lows : 

Be s ign at  ion Descript ion 

Rendezvous Navigation 

I n i t i a t i o n  
cs I Coel lPpt ic  Sequence 

CDH Constant D i f f e r e n t i a l  
A t t i t u d e  

t i 0n  
I Transfer Phase Hnitia- 

M Trainsfer Phase Hid- 
course 

P P O ~ P ~ U ~  Allocation. 

P-20 C m t h u o u s  

P-32 Pre t h r u s t  

P-33 P r e t h r u s t  

P-3 5 Pre th rus e 
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This fable cmtahs  t h e  programs f o r  t h e  I24 Active Vehicle. The astronaut 
may selece t h e  Ep4 Actgve or CSM Active, 
9 4 ,  7% are used in l i e u  of P-32, 33, 34, 35, 
QE E T ~ ~ ~ Z V Q U S ,  Stable  Orbit  Rendezvous (SOR) uses P-38 (LM) or P-75 (CSM) ; 

If t he  CSEf is ac t ive ;  Program P-72, 73, 
In addi t ion ,  an a l t e r n a t e  method 

IddCQUrSe) O f  P-79 ( c  - modcourse) i n  addi t ion  t o  P-34 t o  P-74. 

Thus, ft would appear t h a t  the only delta-program requirements (beyond 
Space Stat2011 navigation and state vec tor  determinations) would be the P-74 pro- 
gram rfok SOB, So t h a t ,  worst casep t h i s  capabillgty would requi re  one-fourth of 

O l P O  rendezvous requ ents or approximately 5008 words. This 
s p lus  lQQQ words as an upper l i m i t  

h u s  2000 words as a r l i m i t .  'Ehe nominal breakout of t h i s  
p r~ jec t i cpn  is l i s t e d  as IS08 constants and 2,480 i n s t ruc t ions  with 1,200 var i ab le  
W Q ~ ~ S  h Table 2-7. 

It 2s mders tood  t h a t  Apohho docking has been manual. Also., i t  i s  under- 
ed un t h e  Apollo Applications Program 

wever, no  work has reportedly been done 
t h e  information is not r ead i ly  available.  

l present an approach t o  automatic docking with a 

omatfc docking. 

computer requirements. Although no d e t a i l e d  
u i red  t o  perform t h i s  cont rac t  a c t i v i t y ,  
re presented t o  e s t a b l i s h  m i n i m a l  represen- 
arison is ava i l ab le  t o  ex t r apo la t e  maximum 
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(7 )  A t t i t u d e  cor rec t ion  p r i o r i t y  over t r a n s l a t i o n  cor rec t ion  w i l l  be 
provided by t h e  incoming v e h i c l e ' s  systems o r  by t h e  Space S t a t i o n  
t r a n s m i t t i n g  communications system. 

The c l o s e  proximity of docking w i l l  r equi re  no coordinate  t r a n s -  
format ion e 

with a c los ing  v e l o c i t y  no g r e a t e r  than 2 f t l s e c .  

The acce lera t ion  l e v e l  i n  t r a n s l a t i o n  of t h e  incoming v e h i c l e  
is no g r e a t e r  than 1 f t / s e c 2 .  

( 8 )  

(9) Docking is i n i t i a t e d  at  a d i s t a n c e  of a t  least 100 f e e t  and 

(10) 

2.7.9.2 System Equations 

(1) Trans la t ion  Commands 

A s  p e r  Assumption No. 1, consider the  following sketch:  

Sensor O f f  set  Docking 

Vehicle Nominal 
Pos i t ion  at mea&red range and i f  
on docking p o r t  cen ter  l i n e  
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4 

the sketchs t h e  docking sensor is o f f s e t  a d is tance ,  L ,  along 
the Space Statfm l ong i tud ina l  axis. 
to t he  Bmcoming vehic le .  For t r a n s l a t i o n ,  t he  measured range and 

Other axes no ta t ions  pe r t a in  

SOP angles are taken a s  the average reading of mult ip le  readings 
geh: refle~to~s o r  Space S ta t ion  sensors i f  a t t i t u d e  determina- 

Angular e r r o r s  
t i m  lis t o  be accomplished), 

o s i t i o n  or  angular e r r o r s  as shown. 
r estimation. 

ed as follows, assuming measurements on t h r e e  r e f l e c t o r s :  

The correc t ion  equations may be 

Range and LOS determinations are 

u = 1/3(UylM i- (J y 2 M  + o  y3M 
YN 

TI correc t ions  : (Sideways) 

(Ss  l i m i t  cycle) - "Jlss 
a =  
YE 

E =  I'yE a K 6  2 yE 
Y 

Y Y 

sg (no sensor o f f s e t )  

E 

If 

If 
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(c) Fore and Aft :  (Assume y and z e r r o r s  are he ld  t o  s m a l l  va lues , )  

x - - x  n n-1 
T x =  

Ex = K5x -b K x 6 

If / E ~ I  1 D ~ ;  T~ = s ign  

If IE,I < Dx; Tx = 0 

(2) Att i tude  Determination and Commands 

Using Assumption No. 6, t h e  p r o j e c t i o n  of t h e  incoming v e h i c l e ' s  
r e f l e c t o r s  may b e  p i c t u r e d  by t h e  following sketch and by assuming 
t h e  sensor  i s  o f f s e t  along t h e  Space S t a t i o n  l o n g i t u d i n a l  axis 
(which corresponds t o  t h e  incoming v e h i c l e ' s  yaw a x i s ) .  

Center of P i t c h  Errors  = 

---- 
Desired Center 
I f  no Offse t  

Elevation = 
P i t c h  (z )  

Desired Center 
with Offse t  

-e 
Horizontal  = 
Yaw (y) 

Yaw 
Error  
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cause the S C S ~ S Q ~  is offset  from the docking port, the desired 
ctdon ira Paw should be offset  from the center projection by an 
t ,  ups as hdicatedi &I the sketch, 

th no sensor offset  in the vertical or pitch reference, 
angle may be determifled from the sketch as: 

ere, far Zero pitch error, t asured range on the 
turn from reflectors 2 and 3 

e w e ~ ~ h t e a  range measurement 
ted normal offset  angle at 
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(c) Rol l  Command: 

2214 
where, f o r  zero  r o l l  e r r o r ,  u w i l l  equal  zero  and u z 1M 
and uz3W are equal  and opposi te  in  p o l a r i t y .  
r e l a t i o n s  could be employed; however, t h e  null-seeking c o n t r o l  
method may use  the d i r e c t l y  measured gimbal. angles.  

Trigonometric 

- - 'E (n) ' E h - 1 )  4, - T 

where 

n = present  va lue  

n-1 = l a s t  value 

2.7.9.3 
l i s t e d  f o r  t r a n s l a t i o n  commands and a t t i t u d e  determination c m a n d s  
with an allowance f o r  rea l i s t ic  programming, r e s u l t s  i n  t h e  requirements l i s t e d  
i n  t h e  minimum column i n  t h e  following tab le .  Maximum requirements f o r  a more 
s o p h i s t i c a t e d  approach are pro jec ted  on t h e  b a s i s  of t h e  minimum requfrements. 

Computer Requirements - An i n t e r p r e t a t i o n  of t h e  docking equat ions 
toge ther  

Table 2-8. Computational E s t i m a t e s  f o r  Docking 

Constant Memory Words 

Variable  Memory Words 

Number of Long Operat ions 

3-59 



C70-17%/301 

Table 2-8, (continued) 

Execution R a t e  - Trans la t ion  

At t i tude  

Number of Long Operations/sec 

Number of Short Operations/sec 

Egin imum 

20/sec 

20/sec 

2200 

9800 

Maximum 

20/sec 

20/sec 

9000 

40 000 

2,7.10 Balance Control System 

Balance con t ro l ,  which is required only f o r  t he  a r t i f i c i a l  "g" o r  sp in  
mode, may be viewed i n  two p a r t s  as s ta t ic  balance and dynamic balance. 

ever ,  i f  t h e  "g" fo rces  during spin-up are conducive t o  s t a t i c  balance t r a n s f e r ,  
then s ta t ic  balance may include the  i n i t i a l  t i m e  period of spin. 
requfrements could be viewed a s  a non-G&C system r e s p o n s i b i l i t y  s ince  a d i f f e r e n t  
system may contain the  s t a t u s  of housekeeping layout and the  ex ten t  of consumables. 
However, in t h e  sense t h a t  minimizing s ta t ic  unbalance w i l l  minimize dynamic 
balance requirements, t h e r e  i s  some j u s t i f i c a t i o n  f o r  the G&C computer t o  i t e r a t e  
s ta t ic  balance requirements. 

S t a t i c  
How- s o f a r  as p r a c t i c a l ,  should be viewed as a prespin-up a c t i v i t y .  

S t a t i c  balance 

Assumptions 

Spin rate con t ro l ,  spin-up deployment (such as cable length  
con t ro l  i f  required) and spin-down r e t r a c t i o n  con t ro l  are 
no t  considered a p a r t  of t he  balance system. 

Much of t h e  software requirements €or balance con t ro l  w i l l  
u t i l i z e  o ther  rou t ines  such as a t t i t u d e  determination and CMG 

"he CPfGs w i l l  be used f o r  wobble damping and o ther  cyc l i c  e f f e c t s .  

'Ehe RCS w i l l  be used f o r  long-term d r i f t  e f f e c t s  such as spin- 
axis precession and/or f o r  high a t t i t u d e  rates. 

A second order compensation 

all processing f o r  zero - "g" cmf igura t ion .  

be considered adequate f o r  
c conditions with assoc ia ted  Sime l ags  between 
gonse t o  torque generatton as well as geometric 

dfsplacement d e t o  spinn. 
comparable i n  a l l  th ree  axes, t h e  computation requirement may 

Five sp in  rate conditions will be assumed In keeping with 
a r t i f i c i a l  "g" assessment at  d i f f e r e n t  levels .  
tion w i l l  correspond t o  € h e  sets of constants f o r  compensation. 

Although the  e f f e c t s  w i l l  not be 

y t r e a t e d  s imi l a r ly .  

This assump- 

o p e r a t i m ,  i t  is assumed tha t  t h e  
red f o r  zero n e t  angular momentum. 
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2.7.10.2 
denoted i n  t h e  Form of E o ,  is used d i r e c t l y  f o r  thepCMGs o r  RCS. 
r o u t i n e  w i l l  be i n s e r t e d  t o  rece ive  Eo and output E0 t o  be used d i r e c t l y  f o r  
t h e  CMGs o r  RCS, 

System Equations - Balance Control - The a t t i t u d e  cor rec t ion  s i g n a l ,  
A compensation 

(1) CMGs 

The a d d i t i o n a l  computation f o r  one of t h e  t h r e e  axes is: 

where t h e  'In" and "n-m" s u b s c r i p t s  i n d i c a t e  present  and p a s t  va lues  
respec t ive ly  

The yaw and r o l l  axis should t a k e  a similar requirement. 
Assumption 6, f i v e  sets of compensation c o e f f i c i e n t s  wi l l  be used 
f o r  each of t h e  t h r e e  axes (dynamics i n  each axis  should be 
d i f f e r e n t ) .  

In  t h e  case of t h e  yaw a x i s ,  with i t s  constant s p i n  rate,  it is  
expected t h a t  balance c o n t r o l  w i l l  merely c o n s i s t  of smoothing 
t h e  v a r i a t i o n s  i n  s p i n  rate. Therefore,  t h e  input  t o  t h e  compen- 
s a t i o n  computation w i l l  cons is t  o f  sca led  yaw rate with t h e  yaw 
reference term deleted.  However, t h i s  provis ion does n o t  change 
t h e  e x t e n t  of balance computations. 

A s  p e r  

(2) RCS 

With t h e  CMGs i n  operat ion,  i t  i s  p o s s i b l e  t h a t  t h e  yaw and r o l l  
jets w i l l  n o t  be requi red  with t h e  exception of CMG momentum dump- 
ing. However, computation c a p a b i l i t i e s  w i l l  be  provided f o r  long- 
term (as  compared t o  t h e  CMGs) a t t i t u d e / b a l a n c e  control .  I n  t h e  
context of long-term c o n t r o l ,  i t  is pro jec ted  t h a t  p i t c h  and r o l l  
re fe rence  and yaw rate ( t h i s  i n f r i n g e s  on s p i n  rate c o n t r o l )  should 
be smoothed in t h e  followhng manner: 

8 

8 

k== l 
W-k 

E = 1/8 E dm 

Although t h e  p a s t  va lues  could receive d f f f e r e n t  scealfng, it is 
not considered necessary,  
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computation for t he  RCS would take the  form of 
but at  a d i f f e r e n t  computing i n t e r v a l ,  One 

t h a t  t he  p i t c h  e r r o r ,  E i n 9  w i l l  be inh ib i t ed  

accumulated precession of t h e  spin axis. In the case of 4 

ized t o  "center" the  appl ica t ion  within a 

il the Space S ta t fon  pos i t i on  in sp in  is a t  an angle t o  reduce 

4 deg/sec),  a p i t c h  torque ( t h r u s t )  duration of 

idea l ized  poin t  of appl ica t ion .  

i t c h  je t  logrbc may take  t h e  form: 

I f  t he  
4 rpm, %he d d t h  of t h e  appl ica t ion  sec to r  

h e ,  output I&' = 0. 
01a 

e v d u e  of & is t o  be d e t e m  
d may corresp 

as t h e  d i r ec t ion  of sp in  pre- 
o r  maximum e leva t ion  angle. 

ed f o r  t he  r o l l  and yaw jets as 
wison ca lcu la t ions  are n o t  
It w i l l  be s u f f i c i e n t  t o  merely 

e estimated computer 

Total 

3 

3 

27 

4 

Long 

45 

45 

0 

99 

20 

20 

00 3600 

180 4000 
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2.7.10.4 S t a t i c  Balance - Under t h e  present  assumption that a r t i f i c i a l  "g" is  
t o  be provided only during t h e  f i r s t  one o r  two months of manned operat ion,  i t  
would seem t h a t  s u f f i c i e n t  d a t a  would be a v a i l a b l e  f o r  a p r i o r i  s o l u t i o n  so 
t h a t  t h e  spaceborne computer would n o t  have t o  i t e r a t e  t h i s  function. However, 
including t h e  requirement with the computer 
f o r  later program a r t i f i c i a l  "g" per iods  f o r  any required phys io logica l  reasons 
(provided, o r  course,  t h a t  t h e  S-I1 is  s t i l l  at tached) .  
inc lude  t h e  assignment of docking p o r t s  f o r  incoming v e h i c l e s  i n  view of 
expected changes i n  moments-of-inertia and moment arms with d i r e c t  consequences 
t o  CMG and RCS operat ion,  
Certain assumptions are made r e l a t i v e  t o  s ta t ic  balance as fol lows:  

w i l l  enhance f l e x i b l e  provis ions  

Other advantages may 

Zero 'lg" operat ion may be nominally imprwed as w e l l .  

(1) 

(2) 

(3) 

There w i l l  be t h r e e  compartmentized bodies i n  which masses may 
be s h i f t e d .  

There w i l l  be up t o  s i x  a t tached bodies/vehicles  from which o n l y  
t h e  mass and t h e  center  of mass coordinates  w i l l  be ava i lab le .  

Each compartmentized body may be catalogued i n  ten  levels and each 
level w i l l  have e i g h t  s e c t o r s  with t h e  80 masses and t h e i r  
coordinate  centers  ava i lab le .  

2.7.10.4.1 System Equations - Levels - lO/each of 3 bodies ( i  = s e c t o r )  

8 8 
m x  i i  M1 = mi; MIXl = 

i= 1 i= 1 

8 8 
m z  miYi; MIZl = i i  MIYl = 

i= 1 i= 1 

Compartmentized Bodies: (3) (j = l e v e l )  

10 10 
E M X  

= 'j; %lXOl j j  
j=1 
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Attached Bodies : (6) 

2,7.10.4.2 Total System - Neglect mass of attachments (cables or booms); assume 
tricaf mass distribution of mass attachments; or assume attachments are 

eluded vith a body level. 

3 

n= 1 

- 
*o - 'on + 'A 

3 

'mXm + %'A x =  
0 0  

n= 1 

3 

MOHO = myon 'AYA 
n= 1 

3 - 
MoZo - Monzon 

n= I 

x 
0 0  xo = - 
MIO 

PI 
0 0  Yo = - 

zo = 
0 

3-64 



C7O-17 1/ 381 

It i s  expected t h a t  Mo9 HoXO9 MoYo9 MoZo9 XoQ Yo, and Z 
and PI Z are t h e  mass unbalance moments, t h e  s t a t i c  d i sp lay .  Since MoXo, MoYo9 

balance commands w i l l  correspond t o  t h e i r  va lues ,  The s t a t i c  balance ac tua t ion  
system may i n t e r p r e t e  these  commands i n  conjunction wi th  a v a i l a b l e  moveable 
masses 

w i l l  be provided for 

0 0  

2.7.10.4.3 
r e s u l t s  i n  t h e  following computer requirements f o r  s t a t i c  balance cont ro l :  

Computer Requirements - An i n t e r p r e t a t i o n  of t h e  preceding equat ions  

I n s t r u c t  ion Words 3 819 
Constant Words 50 
Var iab le  Words 1,862 

Long Operations 819 

Short  Operations 4 862 

I t e r a t i o n  Rate (May be done i n  background) 

Long Operat ions/sec N.A* 
Short Operat ions/sec N .A, 

2.7.11 Computer Housekeeping 

Computer Housekeeping, f o r  purpose of t h i s  r e p o r t ,  i s  defined a s  inc luding  
t h e  following func t ions :  

(1) Program Executive 

(2) Computer Diagaos t ics  

(3) U t i l i t y  Routines 

(4) Input/Output Storage and Command 

The estimates provided f o r  each of t h e s e  func t ions  are based on previous ly  
mechanized programs of comparable complexity and magnitude (e.g., F-3111 Avionics 
System) e 

The execut ive ,  as es t imated ,  is s t r u c t u r e d  t o  provide such func t ions  as 
quence, real t i m e  ckock c o n t r o l ,  job scheduling, t r a n s i e n t  
ate of 9200 words is a l l o c a t e d  for t h i s  function. 

The estimate for performing computer d i a  o s t i c s  i s  set at 1200 words. 
a1 memory CPU, and 1/0 type  

re requ i r ed ,  t h i s  

The estimate for t h e  rrti19t.g~ package (1200 words) is s l i g h t l y  h igher  than 
e is based on knowing t h a t  a l l  of t h e  
ired by t h e  G C requirements andl 
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The I/O estimate is based on the  nmber of sfgnals requi r ing  s to rage  not  

rds assoc ia ted  with each of the  var ious subsystems and associated in s t ruc t ions  
covered by the  operatgonal estimates. 

f o r  a l e r t i n g  t h e  execut lve program, 
f o r  handling the  da t a  bus t r a f f  
mecharnizatims which vary as a 
given ($00 words) is considered reasonable, 

A t y p i c a l  example is t he  s t a t u s  monitoring 

In addi t ion  are the  command ins t ruc t ions  

crtion of computer orgara%eation, The estimate 
The estimate is based on previous I / O  

This sec t ion  provides t h e  gs f o r  t h e  two cases i n  question 
the  var ious  GBC subsystems and 

computer complex, Table presents  t h e  s i g n a l  i n t e r f a c e  for 
re the  c e n t r a l  computer lex performs a l l  of the  processing 

Inhum preprocess 

preprocessing). e, the  sum t o t a l  d a t a  rate required 
The estimate 

ace list does not  account f o r  addressing, however 
is da ta  rate would be in the  ' ho i se  level." 

t o  be handled by the  da t a  bus is approximately 350,000 b i t s / s ec .  
as computed from the  inte 
t h e  added requirement at 

Table 2-10 tabula tes  t he  s i g n a l  i n t e r f ace  for t he  case 

rocessing should not  requfa 
is, the  preprocesstng should be i s o l a t e d  t o  the  
a ted  d a t a  rate required of t he  da t a  bus f o r  
0 b i t s / s e c ,  t h i s  estimate does account f o r  

ere the  subsystems 
one ground rule s ,  and RCS) p e r f o m  maximum preprocessing. 

i n d i v i d u a ~  subs 
t h i s  case is ap 
addressing or any o ther  subsystems not  l i s t e d ,  

tween these  t w o  cases is the  d i f fe rence  in t h e  
preprocessing is 

i le  f o r  maximum pre- 

t he  c e n t r a l  computer 
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Table 2-9. I n t e r f a c e  L i s t  f o r  Minimum Preprocessing 

AA ( D i g i t a l  Computer) 

Signal  Name I 
Opt ica l  A t t i t u d e  Sensor: 

Star Tracker Angles 
Horizon Scanner Angles 
OP - S t a t u s  
PWR - S t a t u s  

Inertial  Reference Unit:  

Gyro Angles 
AV Signals  
-0P S t a t u s  
-PWR S t a t u s  

Control Moment Gyros: 

Gimbal Angles 
Gimbal Rates 
T e s t  Monitoring 
OPIPWR S t a t u s  

Reaction Control System: 

Engine Valve Sensing 
Reactant Valve Sensing 
Transducer Sensing 
Transducer Sen s i n  g 
OP/PwR S t a t u s  

Rendezvous Radar: 

Range 
Range Rate 
L g l e e  
0 t u s  
P a t u s  

Input From 
Output To 

I-c 
I -C 
I-c 
I-C 

I - B  
I-B 
I-B 
I-B 

I-D 
I -D 
I-D 
I-D 

I-E 
I-E 
1-43 
I-E 
I -E 

I-G 
I-G 
I-G 
I-G 
I-G 

1-6 
1-6 
1-6 
I-G 

I-G 
I-G 

Type 

D i g i t a l  
D i g i t a l  

Discretes 
Discretes 

D i g i t a l  
D i g i t a l  

Discretes 
Discretes 

D i g i t  a1 
D i g i t a l  
D i g i t a l  

Discretes 

D i s  cretes 
Discretes 

D i g i t  a1 
D i g i t a l  

Discretes 

D i g i t a l  
D i g i t a l  
D i g i t a l  

Discretes 
Discret@s 

D i g f t a l  

D i S C r @ t e  
Dtecre te  

No. of 
B i t s  

(2 x l o j  
(2 x 16) 

24 
8 

(6 x 16) 
(6 x 16) 

12 
4 

6 x 16 
6 x 16 

30 x 16 
1 x 16 

12 x 16 
8 x 16 

12 x 16 
72 x 16 
1 x 16 

16 
16 

(2 x 16) 
12 
4 

16 
1 6  

2 x 16 
3 x 16 

12 
4 

Range 

t 2 0  deg 
g40 - deg 

+ L O  deg 
T15 - f t / s e c  

a90 deg 
3100 deg/.sec 
35 v - 

40 
200 f t l s e c  

945 - deg 
- a45 deg 

Update 
Rate 

OD* 
OD 

lO/sec 
lO/sec 

100/sec 
100/sec 
lO/sec 
lO/sec 

20/sec 
20/sec 
20/sec 
lO/sec 

200/sec 
200/sec 
200Isec 

l O / s e c  
l O / s e c  

20/sec 
20/sec 
20/sec 
20/sec 
20/sec 

20/sec 
20/se( 
2Q/se( 
20/SS( 

%O/sec 
%O/sec 

3-67 
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Table 2-9. (continued) 

Signal N a m e  

Sun Sensor: 

Gimbal Angles 
OP S ta tus  
PWR S ta tus  

Landmark Tracker: 

Gimbal Angles 
Keyboard Inputs  
OP S ta tus  
PWR S ta tus  

OAS S t a r  Tracker: 

AZ Command 
EL Command 
Mode Command 
PkJR Command 

OAS Horizon Scanner: 

Rol l  Command 
Pi tch  Command 
Mode Command 
PWR Command 

I n e r t i a 1  Reference Unit : 

Mode Command 
Torque Command 

Pia Command 
( fo r  checkout only) 

Control Moment Gyros: 

Gimbal Rate Commands 
Gimbal Parameter Se lec t  
Gimbal Command Selec t  
T e s t  Point  Se lec t  
Mode Se lec t  
PWR Command 

[nput From 
3utput To 

- 

I -G 
IC-G 
I -G 

I -G 
I -G 
I-G 
I-G 

0-c 
0-c 
0-c 
0-6 

0-C 
0-c 
0-C 
0-c 

0-B 
0-B 

0-B 

0-D 
0-D 
0-9) 
0-D 
0-D 
0-D 

Type 

Dig i t a l  
Discre tes 
Discretes 

Dig i t  a1 
Discretes  
D i s  c r e  tes 
Discre tes  

D i g i t a l  
D i g i t a l  

Discre tes  
D i s  c r e  tes 

Digi t  a1 
D i g i t a l  

Discretes 
Diseretes 

Discretes  
Dis c r e t e s  

D i s  ere t es 

Digi t  a1 
Discre tes  

D i g i t a l  
Dfscretes 
Discretes  
Discretes  

No. of 
B i t s  

2 x 16 
12 
4 

2 x 16 
2 x 16 

12 
4 

16 
16 
14 

2 

16 
16 
14 
2 

14 
6 x 16 

2 

(4 x 16) 
(12 x 16) 
(4 x 14)  
(2 x 16) 
(1 x 14) 
(1 x 2) 

Range 

+40 - deg 

- +40 deg 

- +20 deg 
+20 - deg 

- +40 deg 
540 deg 

Update 
Rate 

OD 
lO/sec 
lO/sec 

OD 
OD 

10/sec 
lO/sec 

OD 
OD 

lO/sec 
lO/sec 

OD 
OD 

lO/sec 
lO/sec 

lO/sec 
OD 

lO/sec 

20/sec 
20/sec 
20/sec 
201sec 
lO/sec 
10/sec 
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Table 2-9. (continued) 

Signal  N a m e  

Reaction Control System: 

Engine Valve Se lec t  
Reactant Valve Select 
Engine Valve Sense 
Reactant Valve Sense 
Transducer Sense 
Transducer Sense 
Mode Select 

, PWR Command 

Rendezvous Radar Sensor: 

AZ Point ing Angle Command 
EL Point ing Angle Command 
Mode Command 
PWR Command 

Docking Sensor: 

LOS Angle Commands 
Alignment Angle Commands 
Mode Command 
PWR Command 

Sun Sensor: 

Poin t ing  Angle Command 
ModeIPWR Command 

LANDMARK TRACKER: 

(Manually Controlled) 

Mode Command 

Torque Command 

Gyro Angles (AO) 

OP S t a t u s  

Input From 
Output To 

0-E 
0-E 
0-E 
0-E 
0-E 
0-E 
0-E 
0-E 

0-G 
0-G 
0-G 
0-G 

0-G 
0-G 
0-6 
0-G 

0-G 
0-G 

D i s  c r e t e s  
Discre tes  
Discretes 
D i s  c r e  tes 
Discretes 
Discretes 
Discre tes  
Discre tes  

D i g i t a l  
D i g i t a l  

D is cre tes 
D i s  c r e t  es 

Digi t  a1 
D i g i t a l  

Discrete 
Discrete 

D i g i t a l  
Discretes 

BB (SIRU) 

I-a 
I-A 

I-a 
0 4  

0-A 

0-A 

0- 

' Discretes 

Discretes 

Discretes 

D i g i t a l  

D i g i t a l  

D i s  crretes 

Discretes 

Mom of 
B i t s  

(12 x 16) 
( 8  x 16) 

(12 x 16) 
(8  x 16) 

(12 x 16) 
72 x 16 
(1 x 14) 
( 1  x 2) 

1 x 16 
1 x 16 
1 x 14 
1 x 2  

2 x 16 
3 x 16 
1 x 14 
1 x 2  

2 x 16 
1 x 16 

Range 

+40 deg 
r 4 0  - deg 

i-20 - deg 
- +180 deg 

- +40 deg 

14 

6 x 16 

2 1  

6 x 16 

6 x 16 

3.2 

- 91.0 Beg 

- a15 f t l s e c  

Update 
Rate 

2 001 se c 
2001sec 
2001sec 
2001sec 
2001sec 

101sec 
10/sec  
l01sec 

OD 
OD 

l01sec 
lO/sec 

OD 
201sec 
lO/sec 
lO/sec 

OD 
101sec 

101sec 

OD 

1O/sec 

100 1 sec 

100 / se c 

PO/sec 

HO/sec 
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Signal  Name 

Table 2-9. (continued) 

CC (Optical  Sensor) 

Star Tracker: 

AZ Command 
EL Command 
Mode Command 
PWR Command 

Horizon Scanner: 

Rol l  Command 
Pi tch  Command 
Mode Command 
PWR Command 

S t a r  Tracker: 

AZ Gimbal Angle 
EL Gimbal Angle 
OP S ta tus  
PWR S ta tus  

Horizpn Scanner: 

Rol l  Gimbal Angle 
P i tch  Gimbal Angle 
OP S ta tus  
PWR Sta tus  

Gimbal Rate Commands 

Gimbal Parameter Se lec t  

Gimbal Command Selec t  

T e s t  Point Se lec t  

Mode Se lec t  

PWP Command 

Gimbal Angles 

Gimbal Rates 

T e s t  Point Data 

OP S ta tus  

Power S ta tus  

Input From 
Output To 

I-A 
I-A 
I-A 
I-A 

I -A 
I-A 
I-A 
I-A 

0-A 
0-A 
0-A 
0-A 

0-A 
0-A 
0-A 
3-8 

Type 1 Of B i t s  

I- 
Digi t  a1 
D i g i t a l  

Discre tes 
Discretes 

D i g i t a l  
D ig i t a l  

D i s  cre t es 
Discretes 

D i g i t a l  
D ig i t a l  

Discre tes 
Discretes 

Dig i t a l  
D i g i t a l  

Discretes 
D i s  cretes 

DD (CMGs) 

I-A 

I-A 

1-8 

I -A 

I -A 

I -A 

0-A 

0-A 

0-A 

0-A 

0-A 

16 
16 
14 
2 

16  
16 
14  
2 

16 
16 
12 

4 

16 
16 
12 

4 

D i g i t a l  

D i s  cre tes 

D i g i t a l  

D i s  cretes 

D i s  cre tes 

Discrete 

D i g i t a l  

D i g i t a l  

D ig i t a l  

Discretes 

Discretes 

(6 x 16) 

(12 x 16) 

(6 x 16) 

30 
(1 x 14) 

(1 x 2 )  

(6 x 16) 

(6 x 16) 

(30 x 16) 

(a x 12) 

(1 x 4) 

Range 

- +20 deg 
- +20 deg 

- +40 deg 
- +40 deg 

+20 deg 
- +20 deg 
- 

- +40 deg 
- +40 deg 

- +11 deglsec 

- +90 deg 

- + l Q O  deglsec 

+5 v - 

Update 
Rate 

OD 
OD 

lO/sec 
lO/sec 

OD 
OD 

lO/sec 
l01sec 

OD 
OD 

l01sec 
l01sec 

OD 
OD 

l01sec 
l01sec 

201sec 

20/sec 

201sec 

201sec 

l0 J sec  

l01sec 

2OIsec 

20/sec 

201sec 

l01sec 

l01sec 

3-70 

I 



C70-171/301 

Discrete 

Discrete 

Discrete 

Discrete 

Discrete 

Discrete 

Discrete 

Discretes 

Discrete 

Dig i ta l  

Discretes 

Table 2-9. (continued) 

(12 x 16) 

(1 x 16)  

(12 x 16) 

(i x 16) 

(1 x 16) 
(1 X 14)  

(1 x 2) 
(12 x 16) 

(8 x 16) 
(12 x 16) 

72 x 16 

EE (RCS) 

Signal Name 

Engine Valve Select 

Reactant Valve Select 

Engine Valve Sense 

Reactant Valve Sense 

Transducer Sense (P or  T) 

Mode Select 

Power Command 

Engine Valve Sensing 

Reactant Valve Sensing 

T r  annducsr Sensing 
Transducer Sensing 

Input From 
Output To 

I-A 
I-A 

I-A 
I-A 
I-A 
I -A 
I-A 
0-A 
0-A 

0-A 
0-A 

No. of 
Type 1 B i t s  Range Update 

Rate 

2001sec 

OD 

2 00 / sec 

OD 

2001sec 

101sec 

lO/sec 

200/sec 

200!sec 

200Isec 

lo l sec  



urat i S 

ratisla S 

R 

-c 
-c 

P-e 
I-e 
1-c 
1-6 
I-c 

1% 
P 4  

1-42 

I 
f 

@ 

Discrete 
Discrete 
Dbcrete 

Dig i t~1  
i g i t  

Dig ita1 

iscretes 

scrt2tes 

00 or 
B i t s  

2 x 16 
3 x 16 
1 x 16 
1 x 16 

2 
2 

6 x 16 
3 x 16 

x 16 
y 16 

2 x 16 
16 
16 

3 x 16 

Update 
te 

0.001dsee 
lO/sec 
10/sec 
b0dse.c 

100dsec 
1QOdsec 
BOOdsec 
1OOlsec 
10/sec 
10dsec 
10Isec 

10/sec 
BQdsec 

20Psec 
as/ sec 
2OPsec 
10/S@C 
BO/sec 

See 
sec 

a 
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Table 2-10, (continued) 

Signal Name 

Sun Sensor: 

Gimbal Angles 
OP Status  
PWR Status  

Landmark Tracker: 

Gimbal Angles 
Keyboard Inputs 
OP ‘Status  
PWR Status  

OAS : 

Star  Unit Vector 
Space Station Vectors 
I n e r t i a l  t o  Body Arrays 
Posit ion and V e l  Coefficients 
Estimate of A l t  Uncertainty 
Az at  Local Level Meas 
Time  Ent i res  
Mode Command 
Power Command 

I n e r t i a l  Reference Unit: 

Unit I n e r t i a l  Vectors 
I n e r t i a l  Desired Rates 
Estimated Dr i f t  Rates 
Body Angular Corrective 
Power Command 

Control Moment Gyros: 

Atti tude Error Signals 
Atti tude R a t e  Commands 
Mode Select 
Power Command 

Reaction Control System: 

Att i tude Error Signals 
a t t i t u d e  Rate commands 
Torque/Trannslatim Command 
Mode Select 

Input From 
Output To 

I-G 
I-G 
I-G 

I -G  
I -G  
I-G 
I -G  

0-c 
0-c 
0-c 
0-c 
0-c 
0-c 
0-c 
0-c 
0-c 

0-B 
0-B 
0-B 
0-B 
0-B 

0-D 
0-D 
0-D 
0-D 

0-E 
0-E 
0-E 
0-E 
0-E 

Digi ta l  
Discre tes 
D i s  cre  t es 

Dig i ta l  
Discretes 
Discre tes 
D i s  cret es 

Dig i ta l  
Dig i ta l  
Dig i ta l  
Dig i ta l  
Digit a 1  
Dig i t a l .  
Digit a1  

Discrete 
Discrete 

Dig i ta l  
Dig i ta l  
Digit  a1 
Digi ta l  

D i s  cretes 

Dig i ta l  
Dig i ta l  

Discrete 
D i s  cretes 

Dig i ta l  
Dig i ta l  

Discrete 
Discrete 
Discrete 

No. of 
B i t s  

2 x 16 
12 

4 

2 x 16 
2 x 16 

12 
4 

3 x 16 
6 x 16 
18 x 16 
12 x 16 
1 x 16 
1 x 16 
2 x 16 
28 

4 

9 x 16 
3 x 16 
3 x 16 
3 x 16 
16 

(3 x 16) 
(3  x 16) 
(1 x 6 )  
10 

(3 x 16: 
(3 x 16: 
(3 x 16: 

8 
8 

Range 

+40 - deg 

- +40 deg 

Update 
Rate 

OD 
l0 j sec  
lO/sec 

OD 
OD 
10lsec 
lO/sec 

O.OOl/sec 
0.001Isec 
0.001Isec 
0.001jsec 
0.001jsec 
O . O O l / s e c  

l0 Isec  
lO/sec 
10Isec 

0.001lsec 
0.001lsec 
0.001/sec 
O.OOl/sec 

10/sec 

20/sec 
20Isec 
lo/sec 
l0Isec 

200fsec 
200lsec 
200 jsec 

IO/sec 
lO/sec 



dS 

a 

gular Gorrecticms 

Input F s m  
tput To 

0 4  
0-G 
0 4  
O-G 

0-G 
0-6 
0 4  
0-G 

0-6 
0-G 

Digital  
Digi ta l  
is cret e 

Discrete 

Dtghgital 
i g i t a l  
screte 
screte 

Digl ta l  
iscrete 

No. of 
B i t s  

1 x 16 
1 x 16 
1 x 14 
1 x 1 1 2  

2: x 16 
3 x 16 
1 x 14 
1 x 2  

2 x 16 
1 x 16 

I 
I 
E-A 

E-A 

I-A 

&A 

0-A 

i g i t a l  

Digi ta l  

Digi ta l  

i g i t a l  
Discretes 

8 x 16 
3 x 16 
3 x 16 

3 x 16 
16 

x 16 
3 x 16 

Range 

+40 deg 
- g40 deg 

+20 deg 
- Ti80 aeg 

- 6 0  deg 

Update 
ate 

2O/sec 
2OPsec 
BO/sec  
l01sec 

20jsec 
2Olsec 
1Olsec 
l0Isec 

OD 
LOIsec 

0. 0011sec 

D. 0011sec 

D. 001Isec 

1OIsec 

1 O O l s e c  

%OO/see 

Olsec 
POlsec 
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Input From 
Output To Signal N a m e  

Table 2-10. (continued) 

Update 
Rate 

No, of Range Type B i t s  

C-1 (Optical Sensor) 

Star Unit Vector 

Space Station Vectors 

I n e r t i a l  t o  Body Arrays 
Posit ion and V e l  Coefficients 

E s t i m a t e  of A t t  Uncertainty 

Az at Local Level Meas 

T i m e  Ent r ies  

Mode Command 

Power Command 

Measured S ta r  Angles 

Computed Angles 

Derived Horizon Angle 

Star  Flag 
Fai lure  and Reconf iguration Flags 

OP Status  
Power Status 

I - A  

I-A 

I-A 

I-A 

I-A 

I-A 

I-A 

I-A 

I-A 

0-A 

0-A 

0-A 

0-A 

0-A 

0-A 

0-A 

Dig i ta l  

Digi ta l  

Digit a1 

Digit  a 1 

Digit  a1 

Dig i ta l  

Digi ta l  
)is Crete 

)is Crete 

Dig i ta l  

Digit a1 

Digi ta l  

Digi ta l  
lis cre te 

Iiscrete 

)is cre  t e  

D 1  (CMGs) 

Attitude Error Signals 

Mode Select 

Power Command 

OP StatusIPower Status 
Fai lure  and Reconfiguration Flags 

I-A Dig i ta l  

Discretes I =-A I 
I-A 
0-A 

0-A 

D i s  cret e 

Discret es 

DFs cret es 

3 x 16 

6 x 16 

18 x 16 
12 x 16 

1 x 16 

2 x 16 

2 x 16 

28 

4 
2 x 16 

3 x 16 

1 x 16 

1 x 16 

2 

24 

8 

0,001Isec 

0.001Isec 

0.001/sec 
0.001/sec 

0.001lsec 

0.001lsec 

0.001/sec 

l0Isec 

l0Isec 
o.oOl/sec 

0.001lsec 

0.001lsec 

0.001lsec 
l l s e c  
l /sec 

l/sec 

(3 x 16) 

(1 x 6) 
2 

(2 x 16) 
(3 x 16) 

2Olsec 

lO/sec 

l0Isec 
10/sec 
10/sec 

E l  (RCS) 
~ 

Attitude Error Signals 

Atti tude Rate Commands 
Translation Command 

Mode Select 

Power Command 

OP Status  

Fai lure  and Reconfigurable Flags 

~ 

I-A 

I -A  

I-A 

1-8 

I-A 
0-8 

0-A 

Digi ta l  

Digi ta l  

D i s  Crete 

Dbs cret e 

Discrete 

Discrete 

Discrete 

(3 x 16) 

(3 x 16) 

6 

8 
2 

(2 x 16) 

(10 x 16) 

~~ ~ 

200Isec 

2 00 I se c 

10/sec 

10/sec 

10/sec 

l0/sec 

l0Isec 

..I 
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2.9.1.1 
any real s t r i n g e n t  requirement i f  a l l  of t h e  processing i s  performed at  e i t h e r  
t h e  subsystem l e v e l  o r  i n  t h e  c e n t r a l  processor.  However, i f  t h e  requirement of 
u t i l i z i n g  t h e  l o c a l  processor  (LP) s p e c i f i e d  by NASA were t o  be used, c e r t a i n  
requirements would be marginal i f  n o t  impossible. 
i n  Table 2-11, t h i s  margin can be seen t o  e x i s t  i n  memory ( f o r  l imi ted  LP 
requirements,  see t h e  s i x t h  monthly progress  r e p o r t ) .  

CMGs - The amount of preprocessing e s t i m a t e d  f o r  t h e  GpiGs does n o t  impose 

From t h e  requirements es t imated 

I n  viewing t h e  memory requirements,  t h e  s c r a t c h  pad memory i s  approaching 
the  s p e c i f i e d  LP scratchpad c a p a b i l i t y  of 512 words. 
ments given tn Table 2-11 (and i n  t h e  remaining t a b l e s  i n  t h i s  s e c t i o n )  do n o t  
account f o r  computer housekeeping funct ions.  Using a minimum design allowance 
of 40 percent  f o r  memory and 30 percent  f o r  speed, t h e  use of t h e  l i m i t e d  LP is 
not  recommended f o r  t h e  maximum preprocessing case. The recommended s p l i t  i n  
a l l o c a t i o n  i s  a l s o  marginal i n  using o r  recommending the  l imi ted  LP; however, 
t h i s  a l l o c a t i o n  has  s u f f i c i e n t  a t t r i b u t e s  f o r  recommendation. The configurat ion 
p laces  t h e  burden of a f u l l y  opera t iona l  subsystem on t h e  subcontractor  and can 
be evaluated without being i n t e g r a t e d  with t h e  t o t a l  G&C system. 
a l s o  reduces t h e  load on t h e  c e n t r a l  computer and t h e  d a t a  bus. 
s i g n i f i c a n c e  i s  t h e  i s o l a t i o n  of software and t h e  amount of processing r e l i a b i l i t y  
necessary t o  accommodate t h e  e f f e c t i v i t y  of t h e  CPlGs. That i s ,  t h e  CMGs are 
b a s i c a l l y  only d u a l  redundant while t h e  c e n t r a l  computer i s  t r i p l e  redundant and 
would r e q u i r e  more memory capac i ty  i f  a p a r a l l e l  o p e r a t i o n a l  mechanization is 
used by t h e  c e n t r a l  computer complex. 

Furthermore t h e  require-  

' 

This a l l o c a t i o n  
Of f u r t h e r  

2.9.1.2 RCS - The t h r e e  cases (maximum, minimum and recommended) for t h e  RCS 
are given i n  TabJe 2-12. 
t h i s  t a b l e  represent  an LP configurat ion having t r i p l e  redundancy and s e r v i c i n g  
a l l  f o u r  s t a t i o n s .  
accordance with t h e  maximum es t imate  made f o r  t h e  c e n t r a l  computer requirements 
previously discussed.  
t h e  subsystem level are not  severe but  are outs ide  t h e  l i m i t s  of t h e  NASA 
s p e c i f i e d  LP. 
b i l i t y  of t h e  s p e c i f i e d  machine even without t h e  recommended minimum design 
allowance. Theref o r e  f o r  t h i s  conf igura t ion  t h e  s p e c i f i e d  LP is  not  recommended 
f o r  usage. The recommended a l l o c a t i o n  s p l i t  given i n  Table 2-12, however, is 
s t i l l  recommended as most d e s i r a b l e  f o r  t h e  same a t t r i b u t e s  given f o r  t h e  CHGs. 
h a d d i t i o n a l  conf igura t ion  suggested by NASA as most probably w a s  a l s o  est imated 
f o r  computer s i z i n g .  I n  t h i s  configuratiqm, a minbum of dua l  redundant LPs  
were evaluated as being loca ted  at each engine s t a t i o n  (2 LPs p e r  s t a t i o n ) .  This  
conf igura t ion ,  Table 2-13 reduced t h e  load s i g n i f i c a n t l y  where f a i l u r e  d e t e c t i o n  
and reconf igura t ion  requirements w e r e  concerned. The remaining requirementsB 
however, were a f f e c t e d  very l i t t l e .  This configurat ion i s  much more d e s i r a b l e  
i n  t h a t  i t  reduces t h e  LP requirements t o  be wi th in  t h e  l l m i t a t i m s  of t h e  LP 
s p e c i f i e d  f o r  eva lua t ion ,  and from t h e  aspect  of having t h e  computers loca ted  
near  each eng e s t a t i o n .  That I s ,  t h e  engine statPoas are separated by many 
f e e t  and would be cause f o r  long l e a d s  or a so ist i c a t e d  mult iplexing system 
f o r  d a t a  t r a n s f e r  between s t a t i o n  e l e c t r o n i c s  d a c e n t ~ a % % y  loca ted  LP complex. 

However, t h e  requirements estimated and presented i n  

I n  t h i s  conf igura t ion ,  t h e  minimum requirements are in  

The maximum requirements es t imated f o r  performance a t  

The requirements imposed exceed both t h e  speed and memory capa- 

77 
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Table 2-12. Computational Allocat ions f o r  t h e  RCS 
with Cent ra l  Processors 

Computational 
Requirements 

Memory S i z e  (Words) 

I n s t r u c t  ions  

Cons t a n t s  

Variables  

Memory Speed (Ops/sec) 

Short 

Long 

Equivalent Short 
(Long = 2 s h o r t )  

Minimum 
Preprocessing 

-- 

Data Rate (Words/sec) 

From Cent ra l  Computer 11,120 

To Central Computer 7,120 

T o t a l  18 ,240 
I 

Data Signals I 
From Cent ra l  Computer 

I 

Maximum Word Size 

Maximum 
Preprocessing 

3,324 

368 

742 

138,480 

5,920 

150 320 

1 800 

400 

2,200 

20 

222* 

2 42 

24 

Recommended 
Preprocessing 

3,123 

308 

696 

12 7 880 
3,120 

134,120 

600 

400 

1,000 

8 

222* 

230 - 

16 

e largesb: ~ 0 r ~ e n t a ~ e  of these si a%s are for reco  ding purpose only.  

his t a b l e  are for '' 

-7 

I 



Table 2-13, Cmputational Al1ocatim for the RCS 
with Distributed Local Processors 

Comput at foaaal 
xequ i r e m a  zs 

xnst rnct ioss 

constants 

Variables 

moq Speed (Ops/sec) 

Short 

Long 

(Long = 2 short) 

Total - 

From Central Computer 

To Central Computer 

Total 

5,500 

3,600 

9 p 100 

5,500 

3,600 

9 p 100 I 

R@COllIlUaded 
Preprocess lng  

1,300 

100 

300 

56 000 

800 

110 

910 

8 

144 

152 

NOTES;: B. The results here are for 
processors. 

2, The number od Data 

c 

3- 8 



The recommended conf igura t ion  and a l l o c a t i o n  s p l i t  i s  given i n  Table 2-13. 
This a l l o c a t i o n  o f f e r s  t h e  same a t t r i b u t e s  previously discussed with an even 
g r e a t e r  magnitude. 
Table 2-12, represent  f a i l u r e  and reconf igura t ion  f l a g s  ( d i s c r e t e  s i g n a l s )  and 
are a n t i c i p a t e d  as a requirement f o r  on-board checkout recording where pro- 
cessing i s  performed a t  t h e  subsystem l e v e l .  The d a t a  r a t e s  and d a t a  s i g n a l s  
are somewhat h igher  when consider ing four  LP l o c a t i o n s  a s  opposed t o  one, 
d a t a  rate, however, i s  extremely less i n  e i t h e r  case when compared t o  not  l o c a l  
processing (-18 t o  1 less), 

The l a r g e r  number of d a t a  signals (2221, es t imated i n  

The 

2 9.2 SIRU and OAS Trade-Of f s 

The computational requirements es t imated f o r  t h e  SIRU and OAS center  around 
performing t h e  inner-loop a t t i t u d e  c o n t r o l  func t ions  and t h e  outer-loop 

The requirements p e c u l i a r  t o  t h e  S I R U  are based 
on t h e  MIT concept and are in accordance with t h e  work statement.  Requirements 
concerning t h e  OAS are usage of t h e  measurement d a t a  i n  conformance with t h e  work 
s ta tement  and d iscuss ions  with MSC, NASA personnel,  
d e t a i l s  involved with es t imat ing  ( s iz ing)  t h e  computer requirements r e f e r  t o  
t h e  s i x t h  monthly repor t .  For t h e  candidate systems s e l e c t e d ,  the  following 
computation modules were s e l e c t e d  as appropr ia te  break p o i n t s  i n  t h e  var ious  
computations f o r  a l l o c a t i o n  t rade-offs .  

' guidance/navigation funct ions.  

For t h e  mechan%zation and 

SIRU - LP 

1, F i l t e r  Instrument Outputs 

2. 

3. Direc t ion  Cosine Matrix Update 

4 .  Direc t ion  Cosine Orthogcmalization 

5 .  Generation of A t t i t u d e  Error  S igna ls  

F a i l u r e  Detect ion and Transformation t o  Body Coordinates 

OAS - LP 

31. F a i l u r e  Detection 

2,  Compute Horizon Sensor Scanning Angles 

4, 
5 ,  

4, Make S t a r  Se lec t ion  

Compute Bor%zon Sensor P o i n t h g  Angles and Rates 

Compute S t a r  Tracker P o h t i n g  Angles and Rates 

3-81 





C70-171/301 

Table 2-14, Computational Al loca t ions  f o r  t h e  SIRU 

Computational 
Requirement s 

Memory Size  (Words) 

I n s t  r u c t i o n s  

Constants 

Var iab les  

Memory Speed (ops/sec) 

Short 

Long 

Equivalent Short 
(Long = 2 s h o r t )  

Data Rate (words/sec) 

From Cen t ra l  Computer 

To Central Computer 

T o t a l  

Data Signals  

From Cen t ra l  Computer 

To Cen t ra l  Computer 

T o t a l  

imum Word S ize  

B i t s  /Word 

Hin imum 
Preprocessing 

0 
1,200 

1 9  200 

0 

12 

Hax imum 
Preprocessing 

1,575 

490 

170 

302 000 

46 000 

400 000 

0 

1,900 

1,900 

0 

39 

39 

24 

Recommended 
Preprocessing 

1 , 2 2 1  

468 

152 

238,000 

33 9 800 

305 600 

0 

1,200 

1,200 

0 
20 

20 

24 

: The recommended processdng a P f o c a t i m  is based on a c e r t a i n  
reduct ion  i n  the update rage  (e,g. e at least from 100, as given 
t o  50 times/sec). 



Table 2-15, ComputzationaP NHocatims for the OAS 

11 

5 
1 

1,214 
228 

120 

47 

4 
55 

44 
9 

53 

2 

Recomaded 
Preprocessing 

0 

0 

0 

0 

0 

NASA - RRSC 


